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LETTER  OF  TRANSMITTAL. 


To  His  Excellency  Edwin  S.  Stuart,  Governor  of  Pennsylvania : 

Sir : The  undersigned,  Commissioners  of  the  Topographic  and 
Geologic  Survey  of  Pennsylvania,  have  the  honor  to  submit  the 
following  report  of  the  work  accomplished  during  the  years  190G-07 
and  1907-08. 

Very  respectfully, 

GEORGE  W.  McNEES, 
ANDREW  S.  McOREATH, 
RICHARD  R.  HIOE. 


Harrisburg,  Pa.,  July  1,  1908. 
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TOPOGRAPHIC  AND  GEOLOGICAL  SURVEY  OF  PENNSYLVANIA. 


INTRODUCTORY. 


The  work  done  under  the  direction  of  this  ('oinniission  was  origi- 
nally started  under  the  provisions  of  an  Act  of  Assembly  approved 
April  28,  1899  (See  Appendix  A.)  Under  the  provisions  of  that  act 
the  Commission  then  appointed  entered  into  a contract  with  the 
United  States  Geological  Smwey  for  the  preparation  of  a topographic 
map  of  Pennsylvania,  on  the  scale  of  1 :G2,500,  with  contours  for  each 
20  feet  of  elevation,  and  included  in  this  contract  were  arrangements 
for  geological  work  on  a co-operative  basis. 

Results  of  the  work  done  under  the  above  mentioned  agreement 
(and  supplemental  agreements  continuing  the  same  in  force),  will 
be  found  in  two  reports,  one  covering  the  work  for  the  period  end- 
ing June  30,  1901,  and  the  second  covering  the  work  to  June  1,  1900. 

In  addition  to  these  reports  some  of  the  results  of  the  geological 
work  have  appeared  in  publications  of  the  United  States  Geological 
Survey  and  the  completed  maps  have  been  issued  by  that  organiza- 
tion. No  provision  whatever  has  been  made  for  the  compilation  and 
publication  of  any  of  the  results  of  the  work  by,  or  on  behalf  of,  the 
State. 

The  results  of  the  work  thus  far  completed  will  be  seen  graphically 
represented  on  the  Index  Map,  forming  the  frontispiece  of  this 
report,  where  is  shown  the  condition  of  the  work  in  the  several 
portions  of  the  State.  The  location  of  the  various  triangulation 
stations,  and  the  generalized  primary  traverse  lines  are  shown  on 
plate  B,  and  the  relative  positions  of  the  several  stations  to  one 
another  are  thus  readily  seen.  Plate  C shows  the  lines  of  the  precise 
level  net  of  the  State,  the  elevations  of  which  form  the  basis  of  the 
vertical  control  for  the  map. 

The  methods  of  location  of  triangulation  stations,  of  the  primary 
traverse  and  of  the  level  lines  were  briefly  described  in  the  last 
report.  There  have  been  no  changes  in  methods  since  that  time, 
aside  from  the  general  increase  in  accuracy  constantly  demanded 
by  the  topogi'aphic  branch  of  the  United  States  Geological  Survey. 

Pennsylvania  has  an  estimated  area  of  45,215  square  miles,  and 
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for  the  iJiirposes  of  the  topograjjhic  map  it  is  divided  into  “quad- 
rangles” of  15  minutes  on  each  side.  Owing  to  the  location  of  the 
State  lines  they  do  not  coincide  with  the  lines  of  these  quadrangles, 
and  lliere  will  be  a number  of  quadrangles  in  the  linished  map  which 
will  embrace  a portion  of  an  adjoining  State. 

The  total  nuinber  of  (piadrangles  lying  wholly  within  the  State, 
and  those  parlh'  in  other  States  will  be  about  240,  and  the  completed 
mai)  of  ihe  State  will  be  composed  of  that  nnniber  of  sheets. 


TOlhXJK.t  1*1110  It'OKK. 


During  the  i)ast  two  years  primary  control  has  been  extended  over 
10  quadrangles.  By  triangulation,  Smicksbnrg,  Bedford,  Fairfield, 
Gettysburg  and  Newville;  embracing  ])ortions  of  four  counties,  as 
follows;  Adams,  Cumberland,  Bedford  and  detferson. 

By  primary  travei-se  control  has  also  been  extended  over  5 quad- 
rangles, McCall's  Ferry,  Qnarryville,  Bellefonte,  riiilli])sburg  and 
Snowshoe;  embracing  portions  of  four  counties,  as  follows;  Chester, 
York,  Centre  and  Clearfield. 

During  the  same  time  vertical  control  has  been  extended  over 
12  quadrangles ; Gettysburg,  Middletown,  Taneytown,  Hanover,  York, 
Bedford,  Windber,  Brookville,  Smicksbnrg,  Foxbnrg,  Butler  and 
Zelieno})le;  embracing  ])oi‘tions  of  12  counties,  as  follows;  Adams, 
Dauphin,  Lebanon,  Lancaster,  York,  Indiana,  Bedford,  Somerset, 
Clarion,  Jelferson,  Bntler,  Beaver  and  LaAvrence. 

The  detailed  results  of  the  primary  control,  both  horizontal  and 
A’ertical,  Avill  be  found  in  the  aj)})endices  to  this  report. 

The  primary  control  has  been  extended  each  year  from  the  begin- 
ning of  the  survey,  until  it  noAv  embraces,  more  or  less,  completely, 
171  of  the  quadrangles  included,  or  ])artly  included,  Avithin  the  boun- 
daries of  the  State,  and  the  vertical  conlrol  has  been  extended 
until  it  reaches  175  (piadrangles,  more  or  less  completely. 

Of  the  conq)leted  Avork  maps  liaA’e  been  printed  and  issued  by 
the  I’uited  States  Geological  Sirn'ey  of  112  quadrangles,  a full  list 
of  Avhich  Avill  be  found  in  Appendix  D. 

The  AA'ork  of  the  horizontal  control  mu.st  in  all  cases  be  kept  in 
adA’ance  of  the  detailed  mai)ping.  Some  jiortions  of  Pennsyh'ania 
are  difficult  to  map  and  some  portions  are  very  difficult  to  control. 

The  broad,  Hat  to])S  of  our  mountains  are  Avooded  and  it  is  there 
almost  inq)0ssible  to  get  along  lines  of  uninterrupted  sight.  For 
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this  reason  it  is  neces.sary  to  erect  high  observing  towers  and  to 
do  this  work  economically  it  is  necessary  that  quite  an  area  be  con- 
trolled at  one  time. 

During  the  past  years  such  an  area  has  been  found  in  the  southern 
portion  of  the  State,  in  the  region  of  Somerset,  an  area  embracing 
some  nine  quadrangles.  During  the  past  season  it  was  attempted 
to  get  control  of  this  region  from  the  triangulation  stations  located 
in  the  adjoining  quadrangles,  but  this  was  found  impracticable. 
During  the  present  season,  therefore,  all  of  this  section  yet  uncon- 
trolled will  be  triangulated  from  the  south,  using  stations  in  Mary- 
land of  the  trans-Continental  net  of  the  Coast  Survey  for  the  base. 
This  means  a relatively  larger  outlay  for  primary  control  than  in 
the  past  two  years,  but  if  the  amount  of  topographic  work  in  the 
future  is  increased,  Ave  will  need  more  primary  control  in  advance 
of  the  detailed  topographic  work. 


GEOLOGICAL  WORK. 


Good  progress  has  been  made  in  the  geological  Avork  and  most  of 
the  unfinished  surveys  liaA’e  been  completed  in  the  field,  and  it  is 
expected  the  close  of  the  next  field  season  Avill  see  all  the  uncom- 
pleted field  Avork  closed,  with  the  exception  of  one  quadrangle. 

The  results  of  the  geological  Avork  are  only  published  by  the  United 
States  Geological  Suiwey,  and  the  issuing  of  reports  is  quite  sIoav. 
In  order  that  some  of  the  results  may  be  available  an  outline  of 
geological  explorations  in  the  State  and  a summary  of  the  results 
of  the  present  co-operatiA'e  Avork,  including  short  accounts  of  the 
more  important  unj)ublished  results  have  been  incorporated  in  a 
short  report  and  the  same  is  submitted  hereAvith  as  a part  of  this 
report  (Appendix  E). 

In  A^arious  publications  of  the  United  States  Geological  SurA’ey 
17  quadrangles  of  the  State  have  been  reported  upon  in  the  “folio” 
form  of  publication,  and  4 “bulletins”  liaAe  been  issued  coA’ering  the 
economic  geology  of  5 quadrangles. 

Fourteen  other  short  j)apers  ha\^e  been  published  in  various  bulle- 
tins, treating  of  special  economic  features.  A list  of  all  official 
publications  will  be  found  in  the  geological  report  (Appendix  E). 
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RECOMMENDATIONS. 


Since  the  submission  of  the  last  report  of  this  Commission  the 
work  has  been  continuous  and  the  results  accomplished  have  been  as 
great  as  could  be  expected  from  the  outlay. 

The  demand,  however,  for  all  kinds  of  work  is  increasing,  and  it 
has  been  impossible  for  the  Commission  to  comply  with  but  a portion 
of  the  requests  received.  Two  rules  have  been  observed  in  the  past 
in  arranging  the  work,  (1)  to  have  the  work  done  where  the  greatest 
industrial  developments  were  in  progress,  and  (2)  supplementary  to 
the  first  rule,  in  kucIi  sections  to  so  place  the  work  as  to  secure  the 
greatest  results  for  the  money  expended. 

In  applying  the  second  of  these  rules  many  places  have  been  passed 
by,  Avhere,  if  more  money  had  been  available,  work  would  have  been 
started  before  this  time. 

The  topographic  map  is  the  basis  for  all  study  of  the  natural 
resources  of  any  region.  All  classes  of  our  citizens  are  interested 
in  them.  For  the  farmer  they  form  the  base  on  which  the  soil  maps 
are  made,  and  requests  for  maps  for  this  puiq)Ose  come  from  divers 
portions  of  the  State.  In  the  study  of  the  water  resources  of  a 
region  they  are  indisi)ensable,  as  such  maps  are  the  only  accurate 
knowledge  we  can  have  of  the  area  of  waiter  sheds  and  the  relation 
of  the  component  parts  thereof;  of  the  character  of  such  wnter  sheds, 
the  fall  of  the  streams  and  the  slope  of  the  catchment  areas;  the 
relation  of  forest  areas  and  the  proportion  such  areas  bear  to  the 
w'hole  of  the  basin  and  the  several  parts  thereof;  the  value  for 
waiter  powder  purposes,  and  the  location  of  plants  that  will  most 
economically  develop  the  maximum  horse  power  of  the  stream;  and, 
when  coupled  wdth  a geological  study  of  the  sources  of  the  water 
sujiply,  and  the  relation  of  the  sup^ily  to  the  several  geological 
horizons,  the  value  of  such  nia])S  iu  couuectiou  wdth  waiter  supply 
for  sanitary  purposes  is  greater  than  all  other  uses.  The  value  of 
such  detailed  maps  for  military  purposes  is  evident.  The  relation 
of  public  highwaiys  to  the  surface  relief;  the  character,  size  and 
])ositiou  of  railroad  cuts  and  embankments;  the  relation  of  the 
forested  areas  to  the  relief  and  to  one  another,  and  all  the  natural 
features  delineated  on  them,  render  them  the  most  valuable  map 
])Ossible  for  military  uses.  The  advantage  of  maps  showing  at  once 
the  relief,  drainage  basins,  i>ublic  highways,  and  the  wmoded  areas 
cannot  but  be  of  great  lielj)  in  forestry. 

To  the  people  of  Penn.sylvania,  however,  nothing  ap]>eals  to  such 
an  extent  as  the  value  of  such  maps  iu  the  development,  and,  too 
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frequently  the  waste,  of  our  mineral  wealth.  The  engineer  finds 
on  them  the  information  he  needs,  whether  it  be  in  the  location  of 
a line  of  railroad,  or  of  a public  highway ; whether  in  the  erection 
of  a power  plant,  a coal  mining  plant  and  coke  ovens,  or  of  a manu- 
facturing establishment;  and  this  is  information  he  could  not  secure 
in  any  other  way  and  which  means  many  thousands  of  dollars  yearly 
to  the  people  of  Pennsylvania. 

The  demand  for  completed  maps  still  continues  and  increases, 
and  as  said  before  requests  for  Avork  continue  to  come  in  far  greater 
numbers  than  can  be  reached  by  the  limited  funds  at  our  command. 

Geological  work  has  also  progressed  under  the  co-operative  plan. 
For  a number  of  years  there  has  been,  for  various  reasons,  some 
geological  work  remaining  incomplete  and  during  the  last  two  years 
it  has  been  the  endeavor  to  get  such  work  so  carried  along  as  to 
be  in  shape  for  publication.  Most  of  this  old  work  has  been  brought 
up  to  date  and  the  close  of  the  next  field  season  will  see  practically 
all  of  the  unfinished  work  ready  for  the  Avriting  of  reports,  which  we 
hope  Avill  be  ready  for  publication  by  the  close  of  the  year  1908-09. 

The  results  of  the  co-operatiA^e  geological  Avork  are  only  published 
by  the  United  States  Geological  Survey  and  in  the  forms  prescribed 
by  that  organization,  all  being  presented  to  the  world  as  the  work 
of  the  National  Survey.  In  this  State  publications  are  in  two  forms, 
^‘bulletins  and  ‘Tolios.”  The  bulletins  are  almost  entirely  of  an 
economic  nature,  treating  of  one  or  tAVO  quadrangles,  Avithout  any 
attention  to  municipal  lines  or  natural  boundaries.  The  other  form 
of  publication,  the  “folio,”  presents  the  geology  on  maps  made  from 
the  topographic  base,  with  a few  pages  of  explanatory  text. 

This  publication  is  made  to  correspond  Avith  the  form,  and  is  a 
part  of  the  general  geological  map  of  the  United  States,  and  as  such 
necessarily  conforms  to  certain  general  rules.  That  such  a form 
of  publication  is  valuable  and  easily  followed  by  the  geologist,  the 
engineer,  and  those  with  some  training  in  such  studies  must  be  ad- 
mitted by  all,  but  these  publications  are  not  popular  with  the  general 
public.  There  has  been  a demand,  and  it  is  growing,  for  other  work 
and  other  forms  of  publication,  much  in  the  line  of  such  Avork  in 
other  states. 

Never  before  has  there  been  such  a demand  for  accurate  knoAvledge 
of  our  natural  resources  as  at  the  present  time.  PennsylAnnia 
stands  too  high  as  a mineral  producer,  and  the  contribution  of  her 
minerals  to  the  wealth  of  the  State  are  too  large,  to  permit  us  to 
remain  as  we  are.  We  stand  at  the  head  of  the  long  line  of  manu- 
facturing centers  of  the  Avorld,  but  if  Ave  are  so  to  remain  Ave  must 
have  accurate  knowledge  of  our  resources.  FeAv  of  us,  for  example, 
realize  the  vast  coal  resources  of  Pennsylvania.  IMining  in  1907  of 
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biliimilion.s  coal  aloue,  150,000,000  tons,  three-fourths  of  wliicli,  prob- 
ably, came  from  the  “Pittsburg”  vein  alone,  ive  are  unable  to  fully 
comi)rehend  such  figures.  But  when  we  realize  that  over  one-third 
of  tlie  coal  is  irretrievably  lost  in  mining,  and  when  with  onr  topo- 
graj»hic  nia})S  we  can,  with  tlie  aid  of  the  geologist,  estimate  the 
remaining  acreage  of  coal  unmined,  and  tlie  value  of  the  several 
beds,  and  tlius  find  that,  even  without  increasing  the  rate  of  pimduc- 
tion,  the  possible  limit  of  our  sui)[)ly,  under  existing  conditions,  is 
from  1(H)  (\Vliite)  to  250  (Campbell)  years,  we  have  figures  that  we 
all  can  comi)rehend. 

Again,  Pennsylvania  is  the  second  State  in  the  Union  in  the 
value  of  her  clay  i)roducts,  and  ranks  first  as  a producer  ot  refrac- 
tories. P>ut  can  we  hold  this  [»osition?  Other  sections  are  making 
vast  })rogress  in  the  production  of  refractories,  and  it  is  only  by 
the  systematic  study  of  our  various  clay  horizons  and  investigation 
of  the  technology  of  clay  working  and  the  relation  of  the  products 
made  from  the  several  clays,  by  the  various  methods  of  manufacture, 
to  the  numerous  uses  to  which  they  are  api>lied,  that  we  can  even 
approximately  hold  our  present  position.  Many  other  examples  might 
be  cited  in  which  geological  work  is  equally  needed. 

The  solutions  of  such  questions  are  the  purposes  of  a State  Geo- 
logical Survey.  The  necessity  of  such  work  needs  no  argument. 
Over  20  states  east  of  the  Mississijq^i  river  now  have  vigorous  sur- 
veys organized,  but  Pennsylvania,  standing  at  the  top  as  a mineral 
State  and  with  corresponding  demands  for  systematic  study  of  her 
resources,  is  calndy  letting  others  forge  ahead  and  secure  positions 
that  thej^  will  retain. 

At  the  Conference  of  Governors  at  the  White  House  on  the  Con- 
servation of  our  Natural  Resources,  action  was  taken  towards  the 
creation  of  National  and  State  (Mmmissions,  wiih  co-operative  ac- 
tion in  view.  How  are  our  natural  resources  to  be  known  but  by 
the  systematic  study  of  them?  The  Association  of  State  Geologists 
in  session  in  Washington,  May  121h  ult.,  unanimously  adopted  the 
following  resolutions,  which  show  the  value  these  men,  all  of  whom 
are  engaged  in  the  study  of  iheir  State’s  resources,  place  on  the  topo- 
grajthic  map  as  the  basis  of  all  their  work: 

“^‘Whereas,  Our  country,  and  the  sovereign  states  composing  it  now 
face  serious  ])roblems  relating  to  ihe  preservation  of  our  natural 
resources,  and, 

“Whereas,  These  problems,  of  wisely  administering  our  forests,  our 
minerals,  our  soils,  our  water  resources,  are,  to-morrow,  to  be  the 
subject  of  a conference  between  the  Governors  of  the  various  states 
and  the  President  of  the  United  States,  and. 


STATE  OF  PENNSYLVANIA. 


11 


“Whereas,  We  deem  a con1om‘-lopogra])liic  map  of  our  country 
so  necessary  to  the  intelligent  solution  of  these  and  other  eciually 
important  problems, 

“Be  it  Resolved,  That  we  most  earnestly  ask  of  State  and  Federal 
authorities  in  conference  assembled,  their  support  in  securing  such 
a map,  and,  since  State  and  National  interests  are  here  so  closely 
one,  we  most  respectfully  suggest:  That  State  and  Federal  appro- 
priations for  topographic  surveys  be  increased  and  that  more  imme- 
diately the  Federal  appropriation  be  increased  for  this  work  to 
meet  the  State  appropriations  now  available. 

“Be  it  Resolved,  also.  That  a copy  of  these  resolutions  be  presented 
to  said  Conference  of  the  Governors  with  President  Roosevelt  with 
our  greetings  and  respect.” 

No  argument  is  needed  to  show  the  necessity  of  work  by  our 
State  of  the  character  suggested,  nor  the  fact  that  to  put  off  the 
same  means  but  increased  cost  and  in  many  cases  a loss  of  data 
that  can  never  be  replaced.  The  work  of  the  Second  Geological 
Survey  of  Pennsylvania  is  a monument  to  the  Avisdom  of  the  Legis- 
lature which  inaugurated  that  Avork,  and  to  all  those  Avho  so  faith- 
fully carried  on  the  work,  in  the  field  and  laboratory. 

The  more  time  passes,  the  more  Ave  are  impressed  Avith  the  great 
value  of  that  work,  and  its  high  quality  under  the  conditions  then 
existing.  But  neither  Prof.  Lesley,  nor  those  engaged  with  him, 
ever  considered  the  geology  of  Pennsylvania  had  been  fully  written, 
but  on  the  contrary  constantly  urged  the  continuance  of  the  Avork, 
and  that  it  should  be  made  a permanent  bureau  of  the  State  gov- 
ernment. Since  the  completion  of  the  work  of  that  SurA’ey  vast  ex- 
plorations have  been  made  in  all  parts  of  the  State,  and  new  methods 
of  geological  Avork  have-  been  devised. 

There  has  been  greater  advance  in  the  science  of  geology  during 
the  past  25  years  than  in  the  century  preceding,  but  above  all,  the 
development  of  the  State  along  all  material  lines,  and  in  all  ]>ortions 
of  it,  has  been  so  great,  that  the  people  need,  and  must  have,  the 
most  exact  knowledge  attainable.  From  the  very  nature  of  the 
case  satisfactory  knowledge  along  geological  lines  can  only  be  had 
by  government  Avork,  and  in  this  country  such  Avork  must  be  under 
State  auspices. 

The  concise  progress  report  of  the  present  co-operatiA’e  geological 
work  which  forms  the  major  part  of  this  report,  and  Avhich  is  in 
many  ways  the  most  valuable  contribution  yet  made  of  the  geology 
of  Pennsylvania,  but  emphasizes  the  necessity  of  such  a State  survey. 

Your  Commissioners  therefore  recommend : 

First : The  creation  of  a permanent  geological  survey,  which  shall 
haA^e  complete  authority  to  inaugurate  and  maintain  a geological 
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survey  of  the  State,  doing  sucli  work  indeiiendently  or  in  co-opera- 
tion with  the  United  States  Geological  Survey,  or  with  the  geological 
surveys  of  adjoining  states;  such  survey  to  be  more  particularly  of 
an  economic  nature,  with  the  fullest  development  of  the  natural  re- 
sources of  the  State  as  the  ultimate  object  of  the  work. 

Second ; The  continuance  of  the  topographic  work  as  at  present, 
with  an  increase  in  the  amount  of  the  same,  if  such  arrangement 
can  be  made  ivith  the  United  States  Geological  Survey. 

Third:  The  publication  of  the  results  of  such  surveys  in  form  and 
style  suitable  to  and  corresponding  with  the  value  of  the  subjects 
treated ; the  form  of  publication  to  vary  with  the  character  and 
completeness  of  the  report. 

Fourth:  In  order  that  such  publications  shall  reach  those  most 
interested  in  and  benefited  b}^  such  studies,  that  a comprehensive 
plan  of  distribution  be  determined  upon,  and  a liberal  scheme  of 
exchanges  inaugurated  and  maintained. 

Fifth:  That  api)ropriations  be  made  commensurate  with  the  fore- 
going recommendations. 


►STATK  OF  PENNSYLVANIA. 
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a. 


LEGISLATIVE  ACTS  AND  CONTKACTS. 


AN  ACT 

To  authorize  the  topographic  and  geological  survey  of  the  State  in  co-opera- 
tion with  the  United  States  Geological  Survey. 

Section  1.  Be  it  enacted,  &c.,  That  the  Governor  be  and  is  hereby 
authorized  to  appoint  a commission,  to  consist  of  three  citizens  of 
This  State,  to  confer  with  the  Director  or  Representative  of  the 
United  States  Geological  Survey  and  to  accept  its  co-operation  with 
this  State  in  the  preparation  and  completion  of  a contour  topo- 
graphic and  geological  survey  and  map  of  this  State,  which  is 
hereby  authorized  to  be  made.  Said  commission  shall  serve  without 
pay,  but  all  its  necessary  expenses  shall,  on  approval  by  the  Gov- 
ernor, be  paid  out  of  the  State  Treasury.  Said  commission  shall 
have  power  to  arrange  with  the  Director  or  Representatives  of  the 
United  States  Geological  Survey  concerning  this  survey  and  map, 
its  scale,  method  of  execution,  form,  and  all  details  of  the  work,  in 
behalf  of  this  State,  and  may  accept  or  reject  the  work  executed  by 
the  United  States  Geological  Survey.  And  it  is  hereby  provided 
that  said  map  shall  accurately  show  the  outlines  of  all  townships, 
counties  and  extensive  wooded  areas  in  this  State,  as  existing  on 
the  ground  at  the  time  of  the  execution  of  these  surveys;  the  loca- 
tion of  all  roads,  railroads,  streams,  canals,  lakes  and  rivers,  and 
shall  show  by  contour  lines  the  elevation  and  depression  of  the  sur- 
face of  the  country,  also  location  of  coal,  oil,  natural  gas  and  clay 
bearing  formations. 

Section  2.  For  the  prosecution  of  this  survey,  the  sum  of  twenty 
thousand  dollars  is  hereby  appropriated,  for  the  year  one  thousand 
eight  hundred  and  ninety-nine,  and  twenty  thousand  dollars  for  the 
year  nineteen  hundred;  and  the  Auditor  General  is  hereby  authorized 
to  draw  his  orders  on  the  State  Treasury  for  such  portions  of  these 
amounts  as  may  be  required,  from  time  to  time,  from  money  in 
the  treasury. not  otherwise  appropriated,  upon  vouchers  signed  by 
two  members  of  the  commission ; but  it  is  hereby  provided  that 
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these  expenditures  shall  not  be  in  excess  of  the  amounts  expended 
upon  the  same  work  by  the  Ignited  States  Geological  Survey  from 
its  own  funds.  The  commission  shall  report  to  the  Governor  each 
year.  For  the  purpose  of  making  the  surveys  hereinbefore  pro- 
vided for,  it  shall  be  lawful  for  the  persons  employed  in  making  the 
same  to  enter  upon  all  lands  within  the  boundaries  of  this  State, 
but  this  act  shall  not  be  construed  as  authorizing  any  unnecessary 
interference  with  private  rights. 

Section  3.  This  act  shall  be  in  effect  immediately  upon  its  passage. 

Approved— The  2Sth  day  of  April,  A.  D.  1899. 

WILLIAM  A.  STONE. 
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STk'tE.'Ol?  .PA'NiS^&itL^-'ANIA. 


AGREEMENT. 


BETWEEN  THE  TOPOGRAPHICAE  AND  GEOLOGICAL  SURVEY  COM- 
MISSION OF  THE  STATE  OF  PENNSYLVANIA  AND  THE  DIRECTOR  OF 
THE  UNITED  STATES  GEOLOGICAL  SURVEY.  FOR  THE  CO-OPERA- 
TIVE TOPOGRAPHIC  AND  GEOLOGIC  SURVEY  OF  THE  STATE. 


1.  The  preparation  of  tlie  maps  shall  be  under  the  supervision  of 
the  Director  of  the  United  States  Geological  Survey,  who  shall 
determine  the  methods  of  survey  and  map  construction,  in  accord- 
ance with  the  act  of  Assembly  of  the  State  of  Pennsylvania,  entitled 
“An  act  to  authorize  the  topographic  and  geologic  survey  of  the 
State  in  co-operation  with  the  United  States  Geological  Survey,’’ 
approved  April  28,  1899. 

2.  The  order  in  which  in  point  of  priority  different  j)arts  of  the 
State  shall  be  surveyed  shall  be  agx’eed  u]>on  in  detail  between  said 
Commission  and  said  Director. 

3.  The  work  shall  be  based  upon  the  triangulation  of  the  United 
States  Coast  and  Geodetic  Surve}’,  and,  wherever  this  triangulation 
is  deficient,  it  shall  be  supplemented  by  said  co-operative  survey. 

4.  The  survey  shall  be  executed  in  a manner  sufficiently  elaborate 

to  prepare  a topographic  map  upon  the  scale  of  1 :G2,.500  exhibiting 
the  hydrography,  hypsography  and  public  culture;  said  survey  and 
map  shall  accurately  show  all  township  and  county  boundary  lines 
(as  established  by  the  State  laws  at  the  time  of  their  completion), 
and  extensive  wooded  areas  in  this  State  as  existing  on  the  ground 
at  the  time  of  the  execution  of  these  surveys;  the  location  of  all 
roads,  railroads,  streams,  canals,  lakes  and  rivers,  and  shall  show 
by  contour  lines  the  elevation  and  depression  of  the  suiTace  of  the 
country,  also  on  geologic  maps  and  the  location  of  the  coal,  oil, 
natural  gas,  clay-bearing  and  other  geological  formations.  The 
said  topographic  maps  shall  be  similar  to  the  sheets  already  com- 
pleted in  this  State,  and  the  form  of  the  final  imblications  of  the 

geological  maps  shall  be  the  same  as  the  Geological  Atlas  of  the 

United  States  Geological  Survey. 

The  preliminary  field  majis  shall  be  on  such  a scale  as  said  Di- 
rector shall  select  to  secure  accuracy  in  the  construction  of  the 

final  map. 

5.  It  is  understood  and  agreed  upon  that  the  geological  work 
shall  follow  the  topographic  survey  as  closely  as  consistent  with 
economy  and  in  accordance  with  modern  scientific  methods.  The 
time  of  beginning  this  work  to  be  agreed  upon  betAveen  the  State 
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Survey  Commission  of  Pennsylvania  Rnd  the  United  States  Geologi- 
cal Survey.  ; : ■ . ■ 

6.  The  hypsography  shall  be  shown  by  contour  lines  with  vertical 
intervals  of  20  feet,  and  the  heights  of  important  points  shall  be  de 
terniined  and  marked  upon  fixed  and  permanent  bench  marks  in 
important  and  prominent  places  throughout  the  counties;  also,  cor- 
rect meridian  points  shall  be  located  at  each  county  seat  and  records 
furnished  to  the  said  Commission. 

7.  For  convenience,  the  United  States  Geological  Survey  shall, 
during  the  progress  of  the  field  work,  pay  the  salaries  of  the  per- 
sons employed  therein,  while  the  traveling,  subsistence  and  field 
expenses  shall  be  paid  for  the  same  time  by  the  State.  For  office 
work  on  the  map  the  salaries  shall  be  divided  between  the  two  agree- 
ing parlies  in  such  a way  as  to  equalize  all  expenses,  provided  that 
the  total  cost  to  the  State  of  Pennsylvania  of  the  field  and  ofUce 
work  and  expense  of  said  (Commission  for  the  year  ISIJD  and  1900 
shall  not  be  more  than  forty  thousand  dollars  (f-10,000),  and,  pro- 
vided that  the  United  States  (Tcological  Survey  shall  ex^tend  an 
equal  amount. 

8.  During  the  progress  of  (he  work  free  access  to  Ihe  field  sheets 
and  records  of  the  topograjihers  and  draughtsmen  shall  be  allorded 
Ihe  State  Commissioners  for  examination  and  criticism;  and  should 
they  deem  that  the  work  is  not  being  executed  in  accoi'dance  with 
this  agreement,  then  the  said  Commissioners  may,  on  formal  notice, 
terminate  this  agreement. 

9.  The  resulting  maps  shall  fully  recognize  the  co-operation  of  the 
State  of  Pennsylvania. 

10.  As  the  work  is  coni])leted,  the  State  Commissioners  shall  be 
furnished  by  the  United  States  Geological  Survey  with  photograi)hie 
copies  of  the  manusci-ipt  sheets;  and,  wlien  the  engraving,  which 
is  to  be  done  at  the  cost  of  tlie  Cnited  States  Geological  Sui-vey, 
is  comj)leted,  and  at  all  limes  thereafter,  when  desired,  the  said 
Commission  sliall  be  furnished  by  the  said  Survey  with  transfers 
at  cost  of  printing  from  the  cop])er  plates  of  the  ])hotographic  sheets 
for  use  in  printing  editions  of  said  maps. 

Washington,  I).  C.,  July  13,  1899. 


(Signed.) 

CITAS.  T).  WAI.COTT, 
Director,  U.  S.  Geological  Survey, 

(Signed.) 

G.  W.  McNEES, 

(Signed.) 

SIMON  ITAPPOLD, 

(Signed.) 

FRED.  D.  BARKER, 
Topographic  Survey  Commissioners 

STATE  OP  PENNSYLVANIA. 
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TRIANGULATION  AND  PRIMARY  TRAVERSE. 


The  descriptions  and  positions  published  herewith  nsnii  fi-om 
the  field  work  of  the  seasons  of  1900-08. 


PENNSYLVANIA. 


TRIANGULATION  STATIONS. 


SMICKSBURG  QUADRANGLE,  JEFFERSON  COUNTY. 

Mr.  Geo.  T.  Hawkins  located  two  additional  points  for  the  control 
of  this  quadrangle  in  1900.  Positions  are  based  upon  stations 
Palmer  and  Rowland.  U.  S.  Standard  datum. 


About  midway  between  Perryville  and  Porter,  in  cultivated  field 
on  north  side  of  road,  owned  by  I).  C.  McGregor. 

Signal : A tripod  of  sawed  lumber. 

Station  mark;  A marble  post  30  by  7 by  7 inches  set  30  inches  in 
ground,  in  center  of  top  of  which  is  cemented  a bronze  triangulation 
tablet. 


VALIER,  JEFFERSON  COUNTY,  PENNSYLVANIA. 


(Latitude,  40°  ,5.5'  50.78".  Longitude,  79°  08'  28.80".) 


To  Station — 


Azimuth.  Back  azimuth. 


Log.  Dist. 
Meters. 


O 


203  33  00 
273  17  20 
137  20  00 


4.03135 

3.84864 

4.31337 


Rowland, 
McGregor, 
Palmer,  .. 


23  35  00 
93  20  47 
317  13  30 
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McGregor,  jefferson  county,  Pennsylvania. 


(Not  occupied.) 

About  1 mile  soutlnve.st  ot  IMcGregor  postolilce  on  a prominent 
knoll  which  is  covered  with  tall  trees  on  top.  The  northeast  slope 
is  covered  with  brush  l.j  or  20  feet  high  and  has  one  tall  tree  which 
is  a prominent  land  mark  on  all  sides  except  to  the  southwest. 

Signal : Lone  tree. 

Station  mark : Lone  signal  tree. 

(Latitude,  40°  50'  o:L!)4".  Jvongitude,  70°  13'  29.95".) 


To  Station — 


Valier,  .. 

Paimer, 

Rowland, 


Azimuth.  Back  azimuth. 

o r ff  o f rt 

273  17  30  93  20  47 

306  22  22  126  32  09 

344  58  15  164  59  32 


Log.  Dist. 
Meters. 
3.84864 
4.41704 
4.02618 


PENNSYLVANIA. 


TRIANGULATION  STATIONS. 


BEDFORD  QUADRANGLE,  BEDFORD  COUNTY. 

In  October,  190G,  Mr.  G.  T.  Hawkins  located  4 points  for  the  con- 
trol of  this  quadrangle,  based  upon  stations  Dunning  and  Everett, 
L^.  S.  Standard  datum. 

DUNNING,  BEDFORD  COUNTY,  PENNSYLVANIA. 

On  mountain  locally  known  by  that  name,  about  10  miles  north  of 
Mount  Dallas  and  4 miles  smith  of  New  Enterprise,  on  timbered  land 
owned  by  William  Over. 

Station  mark:  A bronze  tablet  marked  “T".  S.  GEOLOGICAL  SUR- 
VEY— PENNSY’LVANIA,”  cemented  in  solid  rock. 

(Latitude,  40°  00'  27.28".  Longitude,  78°  24'  11.99".) 


To  Station — 

Azimuth.  Back  azimuth. 

Log.  Dist. 

O 

ff 

O f 

" 

Meters. 

Everett 

29 

26.90 

185  28 

48.70 

4.1679624 

Pigeon 

11 

05.30 

255  04 

57.38 

4.1462093 

Lohr 

96 

24 

45.84 

276  12 

52.34 

4.4212414 

Rattlesnake 

169 

14 

46.9 

349  13 

15.1 

4.2553913 

Duncan,  

188 

31 

06.2 

8 32 

57.6 

4.4391035 

Russey 

207 

49 

44.6 

27  52 

15.0 

4.0724843 

Government 

305  21 

47.6 

125  25 

37.3 

4.0157449 

&TATE  OF  PENJSrSYLVANlA. 
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EVERETT,  BEDFORD  COUNTY,  PENNSYLVANIA. 

On  high  summit  of  Tu.ssey  Mountain,  about  3 miles  south  of 
Everett. 

Station  mark : A bron/.e  tablet  stamped  ‘‘XT.  S.  Geological  Survey — 
Pennsylvania,”  cemented  in  solid  rock. 

(Ivatitude,  39’  58'  32.14".  Longitude,  78’  25'  11.35".) 


To  Station—  Azimuth.  Back  azimuth.  Log.  Dist. 

O'"  a > » Meters. 

Dunning,  185  28  48.70  5 29  26.90  4.1679624 

Figeon 132  23  12.40  312  17  43.16  4.2154627 

St.  Ciair 161  46  44.57  341  43  55.19  4.2993576 

Lohr 125  20  51.84  305  09  37.54  4.4830772 

Government 228  43  59.5  48  48  27.0  4.1180018 

Smith,  260'  22  54.7  80  33  28.2  4.3749415 

Ray,  332  44  03.3  162  48  22.5  4.3219063 


LOHR,  BEDFORD-SOMERSET  COUNTIES,  PENNSYLVANIA. 

Near  boundary  line  between  Somerset  and  Bedford  counties,  on 
top  of  the  Allegheny  mountain,  0.5  mile  south  of  road  between 
New  Paris  and  Crum.  100  yards  southeast  of  cluster  of  small  trees. 
Signal : A tripod  of  lumber  covered  with  white  cloth. 

Station  mark : A sandstone  post  30  by  8 by  G inches  set  28  inches 
in  ground  with  cross  cut  on  top. 

(Latitude,  40°  08'  01.32".  Longitude,  78°  42'  30.20".) 


To  Station — Azimuth.  Back  azimuth.  Log.  Dist. 

° ' " o , „ Meters. 

Lone  Tree 24  40  05  204  38  47  3.83973 

St.  Clair,  265  43  22.16  85  51  48.00  4.2701046 

Dunning,  276  12  52.34  96  24  45.84  4.4212414 

Pigeon 297  02  43.08  117  08  28.30  4.1540406 

Everett 305  09  37.54  125  20  51.84  4.4830772 


LONE  TREE,  BEDFORD  COUNTY,  PENNSYLVANIA. 

(Not  occupied). 

About  3 miles  northwest  of  Fyan  and  about  3 miles  .southwest  of 
Helixville,  on  top  of  Allegheny  mountains.  This  point  was  not 
occupied,  and  only  .sighted  from  two  primary  jioiuts,  Tjohr  and 
Pigeon,  and  therefore  not  to  be  depended  upon.  It  is  visible  from 
St.  Clair,  but  smoke  prevented  the  sight  being  taken  when  St.  Clair 
was  occupied. 

Signal ; A lone  pine  tree,  the  we.stern  one  of  two. 

Station  mark ; The  lone  pine  signal  tree. 

(Latitude,  40°  04'  37.G".  Longitude,  78°  44'  41.0".) 
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To  Station — 

Azimuth. 

Back  azimuth. 

Log.  Dist. 

O f ff 

O f ff 

Meters. 

Lohr 

24  40  05 

3.83973 

Pigeon,  ., 

90,49  50 

4.19272 

PIGEON,  BEDFORD  COUNTY,  PENNSYLVANIA. 

About  3 miles  northwest  of  Wolfsburg  near  north  end  of  the 
Pigeon  Hills,  on  land  of  J.  E.  Arnold,  on  west  side  of  north  and 
south  rail  fence  between  cornfield  and  brush. 

Signal : A target  in  tall  red  oak,  which  is  largest  and  most  north- 
erly of  several  trees  in  the  fence  row. 

Station  mark : A marble  post  30  by  8 by  6 inches  set  27  inches  in 
ground  3.5  feet  soufh  of  signal  tree. 

Latitude,  40°  04'  30.70".  Longitude,  78°  33'  43.20".) 


To  Station— 

Azimuth.  Back  azimuth. 

O f ft  Off/ 

Log.  Dist. 
Meters. 

Lone  Tree 

270  42  47 

4.19272 

Lohr,  

117  08  28.30 

297  02  43.08 

4.1540406 

St.  Clair,  

216  49  53.84 

36  52  34.11 

3.9922272 

Dunning 

75  11  05.30 

4.146209.-: 

Everett 

132  23  12.40 

4.2154627 

ST.  CLAIR,  BEDFORD  COUNTY,  PENNSYLVANIA. 

About  1.5  miles  southeast  of  St.  Clairsville  on  top  of  spur  and 
about  halfway  from  base  to  summit.  Station  was  located  here  in- 
stead of  to])  beauise  top  is  Oat  and  covered  with  timber  and  would 
require  much  work  to  observe  other  points  to  south  and  southwest. 
Mr.  Ross  Slonaker,  of  St.  Clairsville,  knows  location  of  station  as 
it  is  near  east  corner  of  his  land. 

Signal : A target  in  ])ine  tree. 

Station  mark : A tablet  cemented  in  large  stone  under  pile  of  rocks 
G feet  base  and  3 feet  high. 

Reference  marks : I’ine  signal  tree,  azimuth  .34°  5G',  distant  1G.4  ft. 

(Latitude,  40°  08'  45.02".  Longitude,  78°  20'  34.5.3".) 


To  Station — Azimuth.  Back  azimuth.  Log-.  Dist. 

° " or,,  Meters. 

Pig-eon 36  52  34.11  216  49  53.84  3.9922272 

Lohr 85  51  48.00  265  43  22.16  4.2701046 

EVerett 341  43  55.19  161  46  44.57  4.2993576 


STATli  OF  PENNSYLVANIA. 
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PEXX^^YLVAKIA. 


TRIAXGULATIOX  STATIOXS. 


FAIRFIELD,  GETTYSBURG  AND  NE'WVIDLE  QUADRANGLES,  ADAMS 
AND  CUMBERLAND  COUNTIES. 

In  the  fall  of  190G  Mr.  G.  T.  Hawkins,  topographer,  located  10 
points  for  the  control  of  these  three  quadrangles,  based  upon  Gettys- 
burg, Round  Top,  Fickle,  Timber  Hill  and  Roxbury,  U.  S.  Standard 
datum. 


BIG  FLAT,  ADAMS  COUNTY,  PENNSYLVANIA. 

On  the  south  end  of  the  Big  Flat  about  0.25  mile  south  of  county 
line  where  it  makes  a bend  and  200  yards  northeast  of  stone  house 
owned  by  the  State. 

Signal : Target  on  large  dead  pine. 

Station  mark : Limestone  ?>0  by  8 by  0 inches  set  30  indies  in 
ground.  Tablet  cemented  in  toji. 

Reference  mark:  Dead  pine  signal  tree,  azimuth  51°  37',  distant 
41.0  feet. 

(Latitude,  39°  59'  33.45".  Longitude,  77°  24'  04.02".) 


To  Station — 

Azimuth. 

Back  azimuth. 

Log.  Dist. 

o f rf 

Off/ 

Meters. 

Green 

184  28  48 

4.13522 

Hammond,  

57  13  12 

4.18914 

Fickie 

252  48  56 

72  58  50 

4.36014 

BISHOP,  ADAMS  COUNTY,  PENNSYLVANIA. 

In  Butler  township,  on  a partly  cleared  hill  owned  by  Mr.  Bishop, 
1.5  miles  northwest  of  Biglerville. 

Signal : A tripod  built  of  poles  and  covered  with  cloth. 

Station  mark:  A brown  sandstone  post  30  by  10  by  10  inches  set 
28  inches  in  ground ; tablet  cemented  in  top. 

(Latitude,  39°  56'  51.80".  Longitude,  77°  10'  33.30".) 


To  Station — Azimuth.  Back  azimuth.  Log.  Dlst. 

o , „ o , „ Meters. 

Green 53  49  03.09  233  43  45.09  4.1642000 

Fickle 223  41  38.17  43  46  42.17  4.2102363 

Roundhill 268  39  37  88  47  36  4.23354 

Plainview 291  04  22  111  07  55  3.92568 

Round  Top 350  05  42.42  170  07  06.74  4.2600067 
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FICKLE,  AUAMS  COUNTY,  PENNSYLVANIA. 

On  a ])urtly  cleared  Hat  ridge  near  tlie  northern  extremity  of  the 
conntj’,  2 miles  north  of  Latimer  postoflice.  The  station  is  30  feet 
northeast  of  outcropping  ledge  on  highest  part  of  ridge  on  land  of 
W.  A.  Bream. 

Theodolite  elevated  30  feet. 


Station  mark : A stone  post  30  by  10  by  10  inches,  set  30  inches  in 
the  ground,  in  center  of  toji  of  which  is  cemented  a bronze  tablet 
marked  “U.  S.  Geological  Survey — Beunsylvauia.” 


(Latitude,  40°  03'  11.04". 

Longitude,  77° 

08'  40.37".) 

To  Station — 

Azimuth.  Back  azimuth. 

Log.  Dist. 

O 

r 

Q f ff 

Meters. 

Gettysburg — Round  Top 

19  22.10 

195  15  43.03 

4.4876976 

Bishop 

43 

46  42.17 

223  41  38.17 

4.2102363 

Green 

34  17.26 

228  23  55.16 

4.4871657 

Big  Plat 

72 

58  50 

252  48  56 

4.36014 

Hammond 

100 

2S  18 

280  24  16 

3.95701 

South  Mountain  (Tree) 

211 

08  13.70 

31  09  18.30 

3.6627620 

Round  Top,  

253 

13  17.53 

73  21  43.73 

4.2889163 

Pulpit,  

16  43.84 

142  24  17.92 

4.4388914 

GETTYSBURG— ROUND  ^'OP,  ADAMS  COUNTY,  PENNSYLVANIA. 

The  noted  round  knob,  3 miles  south  of  Gettysburg.  Theodolite 
mounted  on  upper  floor  of  the  iron  observation  tower,  about  70  feet 
above  ground. 

Station  mark:  Ceufer  of  stone  foundation  of  tower. 


(Latitude,  30°  47'  10.54". 

Longitude,  77°  14' 

21. 

74' 

'•) 

To  Station — 

Azimuth.  Back  azimuth. 

Log.  Dist. 

O 

f n 

o 

f 

" 

Meters. 

Pickle  Hill,  

195 

15  43.03 

15 

19 

22.10 

4.4876976 

Pulpit  Rook,  

252 

19  22.35 

72 

30 

33.80 

4.4175998 

Quirauk 

67 

04  10 

246 

53 

41 

4.40570 

Green 

199 

00  13.09 

301 

53 

13.37 

4.244971S 

Bishop 

07  06.74 

350 

05 

42.42 

4.2600037 

Plainview,  

197 

39  09 

17 

41 

17 

4.19396 

Round  Hill,  

22  50 

37 

29 

08 

4.36276 

GREEN,  ADAMS  COUNTY,  PENNSYLVANIA. 

Oil  laud  owned  by  State,  2 miles  sonfh  of  Chanibersbnrg-Gettys- 
bnrg  ])ike  on  highest  point  of  the  Green  ridge. 

The  timber  was  cleared  from  the  summit  and  a red  oak  trimmed 
and  left  for  signal. 

Station  mark:  A bronze  tablet  cemented  in  solid  rock. 

Reference  mark:  The  red  oak  signal  tree,  azimuth  347°  24',  distant 
23.3  feet. 

(Latitude,  30°  52'  12.14".  Longitude,  77°  24'  48.90".) 
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To  Station — Azimuth.  Back  azimuth.  Log.  List. 

° ° " Meters. 

Quirauk 23  48  52  203  45  04  4.32305 

Big  Flat - 184  28  48  4 29  17  4.13522 

Fickle,  228  23  55.16  48  34  17.26  4.48716.57 

Bishop 233  43  45.09  53  49  03.09  4.1642000 

Round  Top 301  53  31.37  122  00  13.09  4.2449718 


PLAINVIEW,  ADAMS  COUNTY,  PENNSYLVANIA. 

On  ridge  0.5  mile  west  of  Plaiiiview  postoffiee  and  100  yards  north 
of  Jake  Moss’  house;  10  feet  south  of  rail  fence  in  the  right  of  way 
of  wagon  road. 

Signal:  Cloth  target  in  cedar  tree. 

Station  mark : A marble  post  .30  by  7 by  7 inches  set  28  inches 
in  ground;  bronze  tablet  cemented  in  top  of  post. 

Reference  marks:  The  cedar  signal  tree,  azimuth  155°  00',  distant 
3.8  feet. 


(Latitude,  39°  55'  13.42". 

Longitude,  77° 

11'  02.17".) 

To  Station — 

Azimuth. 

Back  azimuth. 

Log.  Dist. 

0 / // 

O f /f 

Meters. 

Round  Top,  

17  41  17 

197  39  09 

4.19396 

Bishop,  

Ill  07  55 

291  04  22 

3.92568 

Roundhili 

69  47  48 

3.99429 

ROUND  HILL,  ADAMS  COUNTY,  PENNSYLVANIA. 

(Not  occupied). 

About  15  miles  northeast  of  Gettysburg  on  a heavily  wooded 


summit  with  cleared  held  on  southern  slope. 

Signal : The  target  erected  by  topographer  who  plane-tabled  sheet. 


(Latitude,  39°  57'  04.12". 

Longitude,  77° 

04'  32.13".) 

To  Station — 

Azimuth. 

Back  azimuth. 

Log.  Dist. 

O < // 

O f ff 

Meters. 

Roundtop 

217  22  50 

4.36276 

Plainview 

249  43  38 

3.99429 

Bishop,  

268  39  37 

4.23354 

FLAT  ROCK,  CUMBERLAND  COUNTY,  PENNSYLVANIA. 

(Not  occupied). 

About  5.5  miles  northeast  from  Newville,  on  toyi  of  mountain 
east  of  the  gap  and  about  1.5  miles  by  trail  from  summer  hotel.  Is 
a prominent  white  rock  and  the  only  bare  spot  seen  from  the  Cum- 
berland Valley. 

Signal : Center  of  white  rock. 

Station  mark:  Same. 

(Latitude,  40°  15'  10.36".  T.ongitude,  77°  24'  49.60".) 
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To  Station — 


Lee 

Roxbury, 

Prospect, 


Azimuth.  Back  azimuth. 

Off/  Off/ 

8 43  01  188  39  45 

59  57  54  239  48  49 

338  59  41  159  01  06 


Log-.  Dist. 
Meters. 
4.24484 
4.36348 
3.94060 


HAMMOND,  CUMBERLAND  COUNTY,  PENNSYLVANIA. 

In  Peim  town.ship,  on  great  i)ile  of  rock  on  top  of  ridge  about  1.5 
miles  north  of  Henry  Clajh  An  old  road  starts  from  Henry  Clay  and 
goes  across  mountain,  a.  fork  of  which  leads  east  along  top  of  the 
ridge  to  within  200  yards  of  the  station. 

Signal ; Trijtod  of  poles  covered  with  cloth. 

Station  mark : A bronze  tablet  cemented  in  rock. 


(Latitude,  40°  04'  05.15". 

Longitude,  77° 

14'  56.22".) 

To  Station — 

Azimuth. 

Back  azimuth. 

Log.  Dist. 

Of// 

O / // 

Meters. 

Big  Flat,  

57  13  12 

237  07  20 

4.18914 

Pickle 

100  28  18 

3.95701 

LEE,  CUMBERLAND  COUNTY,  PENNSYLVANIA. 

About  2 miles  northeast  of  Leesburg,  on  cultivated  hill  owned  by 
Mr.  Jacoby  and  is  0.25  mile  north  of  Chambersburg  and  Carlisle 
pike. 

Signal;  A tripod  of  sawed  lumber. 

Station  mark : A marble  post  30  by  6 by  5 inches  set  20  inches  in 
the  ground.  In  center  of  top  of  post  is  cemented  a bronze  triangu- 
lation tablet. 


(Latitude,  40°  05'  53.04". 

Longitude,  77° 

26'  41.74".) 

To  Station — 

Azimuth. 

Back  azimuth. 

Log.  Dist. 

O / // 

0 / // 

Meters. 

Shippensburg,  

19  55  11 

199  53  53 

3.91194 

Roxbury 

108  31  22 

288  23  30 

4.26211 

Flat  Rock 

188  39  45 

8 43  01 

4.24484 

Prospect 

32  05  34 

4.03720 

PROSPECT,  CUMBERLAND  COUNTY,  PENNSYLVANIA. 


In  Prospect  Hill  Cemetery,  1 mile  east  of  Newville. 

Signal : A granite  monument  25  feet  high  with  figure  on  top 
which  is  the  central  monument  of  the  Ahl  family. 

Station  mark : Same. 

(Latitude,  40’  10'  52.36".  Longitude,  77“  22'  37.40".) 


To  Station — 


Lee 

Roxbury,  . 
Flat  Rock, 


Azimuth. 

Oft/ 

32  05  34 
81  36  54 
159  01  06 


:k  azimuth. 

Off/ 

212  02  56 
261  26  24 
338  59  41 


Log.  Dist. 
Meters. 
4.03720 
4.36870 
3.94060 
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SHIPPENSBURG,  CUMBERLAND  COUNTY,  PENNSYLVANIA. 

Two  and  one-half  miles  southeast  of  Shippensburg  in  cleared  field 
of  John  Hc_feld. 

Signal : A tripod  of  sawed  lumber. 

Station  mark : A marble  post  3(5  by  6 by  6 inches  set  33  inches 
in  the  ground.  In  center  of  top  of  post  is  cemented  a bronze  triangu- 
lation tablet. 

(Latitude,  40"  01'  44.15".  Longitude,  77°  28'  39.00".) 


To  Station — 

Azimuth. 

Back  azimuth. 

Log.  Dist. 

O / ff 

O / // 

Meters. 

Timber  Hill,  

266  48  31 

3.696S9 

Roxbury,  

312  40  50 

4.29761 

Lee 

19  55  11 

3.91194 

ROXBURY,  FRANKLIN  COUNTY,  PENNSYLVANIA. 

(Not  occupied). 

On  the  first  ridge  northwest  of  valley  on  well  known  knob  of  that 


name.  All  timber  cleared  summit  and  one  tree  left  for  signal. 
Station  mark:  Lone  signal  tree. 


Keference  mark ; 

Tablet 

cemented  in  solid  rock  4 feet 

southeast 

of  signal. 

(Latitude,  40°  09' 

00.74". 

Longitude,  77° 

38'  54.28".) 

To  Station- 

Azimuth. 

Back  azimuth. 

Log.  Dist. 

O / ff 

O / // 

Meters. 

Chambersburg,  

2 36  35 

182  36  06 

4.37343 

Strasburg 

37  25  40 

217  21  49 

4.14580 

Timber  Hill 

324  59  40 

145  04  01 

4.22450 

Flat  Rock,  

59  57  54 

4.36348 

Prospect,  

81  36  54 

4.36870 

Lee 

108  31  22 

4.26211 

Shippensburg 

312  40  50 

132  47  26 

4.29761 

Timber  Hill 

324  59  40 

145  04  01 

4.22450 

TIMBER  HILL,  FRANKLIN  COUNTY,  PENNSYLVANIA. 

On  hill  of  same  name  about  1.5  miles  south  of  Shippensburg  on 
land  of  Mr.  John  Plaster. 

Station  mark : A lone  hickory  tree  near  west  edge  of  a cleared 
field. 

Keference  mark ; A cross  cut  in  limestone  11.4  feet  distance  from 
signal,  bearing  S.  38°  W. 

(Latitude,  40°  01'  35.22".  Longitude,  77°  32'  08.61".) 


To  Station — 

Azimuth.  Back  azimuth. 

o / r/  O f tP 

Log.  Dist. 
Meters. 

Chambersburg,  

47  22  24.60 

227  17  34.80 

4.1629694 

Parnell,  

66  33  16.13 

246  20  39.85 

4.4839373 

Strasburg,  

278  10  33.96 

4.2627043 

Roxbury 

145  04  01 

324  59  40 

4.22450 

Shippensburg,  

3 

86  60  46 

3.69689 
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I’ENNSYLVANIA. 


PRIMARY  TRAVERSE. 


McCALL  PERRY  AND  QUARRYVILLE  QUADRANGLES,  CHESTER  AND 

YORK  COUNTIES. 

The  following  geographic  positions  on  U.  S.  Standard  datum  for 
the  control  of  the  McCall  Ferry  and  Qnarryville  (piadrangles,  were 
determined  from  primary  traverse  run  by  F.  J.  McMaugh,  junior 
topographer,  in  1907.  The  lines  were  run  as  follows: 

Line  No.  1 begins  with  adjusted  position  at  Columbia  (Kendall) 
and  follows  highways  east  via  Creswell  and  Millersville  to  a point 
near  Willow  street,  thence  soutli  via  Herrville  and  Truce  to  RaAvlins- 
ville  triangulation  station  and  continues  south  via  Liberty  Square 
to  Dunmore,  thence  along  the  Columbia  and  Port  Deposit  Railroad 
to  Peters  Creek,  Avhere  it  crosses  tlie  Susquehanna  river  to  Peach 
Bottom  and  continues  southeast  along  the  highways  and  is  tied  to 
Pennsylvania-Maryland  state  line  boundary  post  at  Delta  (Hall). 

Line  No.  2 begins  at  Peters  Creek  and  continues  east  along  high- 
Avays  via  Waketield  and  Oak  Hill  to  adjusted  position  at  Oxford 
(Kendall). 

Line  No.  3 begins  Avith  adjusted  position  at  Octoraro  (Kendall)  and 
folloAvs  higliAvays  Avest  via  Collins  and  Buck  and  is  tied  to  line  No. 
1 near  RuAvlinsville  triangulation  station.  Coast  and  Geodetic  Survey. 

McCALL  FERRY  QUADRANGLE. 

GEOGRAPHIC  POSITIONS  ALONG  HIGHWAYS  NEAR  NORTH  BORDER 

OF  QUADRANGLE. 


Stations.  Latitude.  Longitude. 

O / //  O f ff 

Columbia,  intersection  cf  Pinion  and  Fourth  Sts 40  01  50.3  76  29  56.1 

Columbia,  1 mile  southeast  of,  forks  of  roads  south- 
east and  east 40  01  21.0  76  29  32.4 

T road  to  northeast 39  59  53.2  76  28  24.7 

Bridge  over  small  stream,  600  feet  north  of,  4 corners,  39  58  57.2  76  27  49.4 

Brick  church,  1.75  miles  northwest  of,  T road  east,  ..  39  58  27.6  76  27  28.1 

Brick  church,  0.25  mile  southwest  of,  T road  south,  ..  39  57  41.3  76  26  16.2 

Brick  church,  center  of  front  door  of,  39  57  52.1  76  26  10.3 

Brick  church,  1 mile  northeast  of,  forks,  roads  north- 
east and  northwest 39  58  21.0  76  25  15.5 

Brick  church,  2 miles  northeast  of,  4 corners,  39  58  33.8  76  24  24.3 
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Stations. 


Latitude.  Longitude. 

Off/  Off/ 


Three  corners  T road  to  south,  signboard  reads  Cress- 
well  3 mi.,  Letort  1 mi.,  Miilersviile  2>4  mi..  Safe 

Harbor  5>4  mi.”  

Miilersviile,  0.25  mile  east  of,  T road  south,  sign  reads 
“Cresswell  5 mi.,  Letort  3 mi.,  Miilersviile  % mi..  Safe 

Harbor  mi.”  

Miilersviile,  in  south  face  at  southwest  corner  of  Laun- 
dry and  Carpenter  shop  building  of  the  Pa.  State 
Normal  school;  aluminum  tablet  stamped  “Prim. 

Trav.  Sta.  No.  3,  1907  PENNSYLVANIA,”  

Miilersviile,  0.75  mile  southeast  of,  T road  to  west,  ... 
Covered  bridge  over  Conestoga  River,  0.75  mile  south- 
east of,  4 corners,  25  feet  northeast  to  corner  of 
white  fence,  22  feet  southwest  to  large  sycamore 

tree 

Electric  railroad  crossing,  center  of  track 

Danville,  0.5  mile  southwest  of,  4 corners,  pike  cross- 
ing east  and  west  road,  Lancaster  5 mi.,  Safe  Harbor 

5 mi..  West  Willow  2 mi.”  

Lancaster  and  Reading  Narrow  Gauge  Railroad,  cen- 
ter of  track 

Lancaster  and  Reading  Narrow  Gauge  Railroad,  0.75 
mile  northeast  of,  pike  crossing  east  and  west  road, 
(known  as  Mylins  4 corners),  44  feet  northwest  to 
signboard,  27  feet  southeast  to  telegraph  pole,  39  feet 
northeast  to  telegraph  pole;  west  rail  of  trolley  track. 


39  59  16.4 


39  59  37.5 


39  59  52.5 
39  59  15.6 


39  58  32.9 
39  58  52.8 

39  58  51.7 
39  59  01.3 


39  59  11.2 


76  23  37.9 


76  22  15.8 


76  21  22.2 
76  21  31.3 


76  21  00.1 
76  19  58.0 


76  19  04.5 
76  17  36.4 


76  16  53.0 


GEOGRAPHIC  POSITIONS  ALONG  HIGHWAYS'  NEAR  EAST  BORDER  OP 

QUADRANGLE. 


Stations. 


Latitude.  Longitude. 


Willow  street,  0.75  mile  north  of,  4 corners 

Willow  street,  front  door  of  brick  church,  

Herrville,  crossroads,  

Herrvllle,  1.25  miles  south  of,  4 corner,  19  feet  east  to 
mailbox,  57  feet  west  to  sign  Lancaster  10  mi..  Port 
Deposit  25  mi..  Providence  2 mi.,  Martin  Forge  5 mi., 
Smithville,  in  top  stone,  51.3  feet  north  of  south  end  of 
retaining  wall  under  stone  arch  bridge  over  highway 
and  creek;  aluminum  tablet  stamped  “Prim.  Trav. 

Sta.  No.  4,  1907  PENNSYLVANIA,”  

Truce,  0.6  mile  west  of,  crossroads 

Rawlinsville  triangulation  station,  on  land  of  Adam 
Lefevre  of  Lampeter  Square.  In  Providence  town- 
ship, 14  mi.  from  Lancaster,  5 miles  from  McCall 
Ferry,  8 mi.  from  Quarryville.  The  crossroads  upon 
which  station  is  situated  (1879)  has  been  closed  and 
fence  lines  will  be  moved  so  that  distance  measured 
to  it  hereafter  may  not  be  correct.  Station  mark: 


39  58  14.0 
39  57  40.7 
39  56  47.6 


39  55  40.8 


Of  // 

76  16  24.4 
76  16  09.4 
76  15  26.3 


76  15  08.3 


39  55  31.8  76  15  05.4 

39  53  13.0  76  15  00.4 
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Stations. 


Latitude.  Longitude. 

O f tf  O f ff 


Underground  mark  is  a hew  limestone,  in  center  of 
which  is  iron  foxtail,  % in.  diam. , 6 in.  long.  Block 
is  3 ft.  below  surface,  under  a cut  stone  tale  slate, 
straited,  6 in.  square  and  so  planted  as  to  project 
2 in.  above  surface  with  its  angles  on  the  meridian 

and  diagonal  cuts  across 39  53  09.54 

Rawlinsville,  crossroads  60  feet  northeast  to  corner 
store,  41  feet  northwest  to  corner  of  brown  fence,  36 
feet  south  to  corner  of  white  fence,  8 feet  south  to 

trolley  track 39  52  56.6 

Rawlinsville,  1.7  miles  south  of,  crossroads,  16  feet 
south  to  signboard,  27  feet  southwest  to  post  at  cor- 
ner fence,  71  feet  southwest  to  center  of  grass  plot, 
signboard  reads  “Quarryville  6 mi.,  McCall  Ferry  4 


ml.,  Rawlinsville  V/z  mi..  Liberty  Square  2 mi.”  39  51  31.8 

Rawlinsville,  2.5  miles  south  of,  T road  north 39  50  45.3 

Four  coi’ners,  signboard  reads  “Chestnut  Level,  3 mi., 

McCall  Ferry  5 mi.,  Rawlinsville  4 mi.”  39  49  50.6 


Mt.  Holly  schoolhouse,  0.75  mile  north  of,  crossroads, 
27  feet  northeast  to  corner  fence,  22  feet  northwest 
to  oak,  25  feet  southwest  to  signboard  “Fishing  Creek 
3 mi.,  Rawlinsville  4 mi..  Chestnut  Level  3 mi.,  Mc- 


Call Ferry  5 mi.”  39  49  10.3 

Mt.  Holly  schoolhouse,  0.25  mile  south  of,  forks  of 
roads  west  and  soutliwest,  sign  reads  Fishing  Creek 

2 mi 39  48  20.8 

Riverside  schoolhouse,  0.6  mile  north  of,  forks  of  roads 

north  and  west 39  47  53.3 

Fishing  Creek,  center  of  wooden  bridge  over,  39  47  29.0 


76  15  58.37 


76  16  08.4 


76  16  13.9 
76  16  21.6 

76  16  26.5 


76  16  25.5 


76  16  16.6 


76  15  59.0 
76  15  50.0 


GEOGRAPHIC  POSITIONS  ALONG  COLUMBIA  AND  PORT  DEPOSIT  RAIL- 
ROAD NEAR  BENTON. 


Stations.  Latitude.  Longitude. 

O / //  O f // 

Benton  station,  200  feet  north  of,  T road  east 39  46  37.1  76  15  08.3 


GEOGRAPHIC  POSITIONS  ALONG  HIGHWAYS  NEAR  SOUTH  BORDER 

OP  QUADRANGLE. 

Stations.  Latitude.  Longitude. 


o / //  O f if 

Peach  Bottom,  T road  north,  sign  reads  York  32  mi.,..  39  45  22.2  76  16  11.0 

Peach  Bottom,  2 miles  southwest  of,  crossroads,  sign 
reads  “Darlington  10  mi..  Delta  2 mi..  Peach  Bottom 

2 mi.”  39  44  21.0  76  17  23.0 

South  Delta,  1.75  miles  northeast  of,  cross  roads 39  44  02.5  76  18  31.8 

South  Delta,  Pennsylvania-Maryland  state  line  bound- 
ary post 39  43  16.20  76  20  09.73 

Magnetic  declination,  north  border,  6°  44'  West. 

East  border,  6“  31'  West. 

South  border,  6°  16'  West. 
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QUARRYVILLE  QUADRANGLE. 

GEOGRAPHIC  POSITIONS  ALONG  HIGHWAYS  NEAR  WEST  BORDER  OF 

QUADRANGLE. 


Stations.  Latitude.  Longitude. 

O / </  O / // 


Smithville,  0.5  mile  southeast  of,  4 corners  crossroads. 
Truce,  1 mile  northwest  of,  T road  west,  50  feet  north 

39  55  02.6 

76  14  44.8 

of  T road  east,  signboard  reads  “Rawlinsville  3 mi.” 
Truce,  crossroads,  sign  reads  “Lancaster  13  miles. 

39  54  13.8 

76  14  31.7 

Buck  1V2  miles.  New  Providence  3 mi.”  

39  53  25.0 

76  14  17.6 

GEOGRAPHIC  POSITIONS  ALONG  THE  COLUMBIA  AND  PORT  DEPOSIT 
RAILROAD  NEAR  PETERS'  CREEK. 

Stations. 

Latitude. 

0 / ft 

Longitude. 

0 A // 

Whitaker  station,  front  door  of,  

Peters  Creek,  in  coping  stone  at  east  end  of  south 
abutment  of  Columbia  and  Port  Deposit  railroad 
bridge  over;  aluminum  tablet  stamped  “Prim.  Trav. 

39  45  53.9 

76  14  30.7 

Sta.  No.  5,  1907  PENNSYLVANIA,”  

39  45  22.8 

76  14  05.7 

GEOGRAPHIC  POSITIONS  ALONG  HIGHWAYS,  PETERS  CREEK  TO 

OXFORD. 


Stations.  Latitude. 

O ^ ft 

Peters  Creek,  1.75  miles  northeast  of,  crossroads,  sign 
reads  “Fairfield  2 mi..  Pleasant  Grove  22  mi.,  Oxford 

13  mi.,  Peach  Bottom  2 mi.”  39  45  54.6 

West  Brook  station,  Lancaster  and  Oxford  Southern 

railroad  crossing  narrow  gauge,  center  of  track 39  46  31.2 

West  Brook  station,  0.8  mile  east  of,  crossroads  at 
store,  52  feet  southeast  to  corner  store,  30  feet  north- 
east to  telegraph  pole  and  sign  Lancaster  24  mi.,  Port 


Deposit  14  mi.,  Oxford  12  mi..  Peach  Bottom  3 ml.,” 

35  feet  southwest  to  corner  of  fence,  39  46  25.9 

Pour  corners,  55  feet  southeast  to  telephone  pole,  33 

feet  southwest  to  corner  of  hedge  fence 39  46  36.0 

Oak  Grove,  4 corners,  signboard  reads  “Fulton  House 
2 mi.,  Fairmont  5 mi..  Peach  Bottom  7 mi.,  Oxford 

10  mi.,”  39  46  35.9 

Poplar  Grove  schoolhouse,  T road  north,  sign  board 
reads  “Conowing  Springs  8 mi.,  Oxford  9 mi,,”  etc.,  ..  39  46  41.0 

Oak  Hill,  crossroads,  sign  reads  “Peach  Bottom  9 mi., 

Oxford  8 mi.,”  etc 39  46  56. 0 

Oak  Hill,  in  sandstone  boulder  in  southeast  corner  of 
crossroads:  aluminum  tablet  stamped  “Prim.  Trav. 

Sta.  No.  6,  1907  PENNSYLVANIA.”  39  46  55.9 

Oak  Hill,  1 mile  southeast  of,  at  Summer  Hill  school- 
house  4 corners,  39  46  26.2 


Longitude. 

O / ft 


76  12  29.7 
76  11  37.2 


76  10  46.2 
76  09  11.0 

76  08  29.8 
76  07  12.7 
76  05  24.9 

76  05  24.6 
76  04  27.6 
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Stations.  Latitude. 

O / It 

Octoraro  Creek,  center  of  covered  bridge  over  line  be- 
tween Lancaster  and  Chester  counties 39  46  02.9 

Glenroy  post-office,  signboard  in  center  of  grass  plot,  39  46  00.5 
Glenroy  post-office,  1.25  miles  northeast  of,  4 corners, 

sign  reads  “Oxford  3 mi.,  Oakhill  4 mi.,”  39  46  21.1 

Hopewell  schoolhouse,  front  door  of,  39  46  44.6 

Oxford,  0.75  mile  southwest  of,  railroad  crossing,  cen- 
ter of  track 39  46  47.7 

Oxford,  39  47  05.8 


GEOGRAPHIC  POSITIONS  ALONG  HIGHWAYS,  OCTORARO 

BUCK. 

Stations.  Latitude. 


o / n 

Octoraro,  in  south  face,  near  southwest  corner  of 
brick  store  and  post-office  building,  aluminum  tab- 
let stamped.  “Prim.  Trav.  Sta.  No.  7,  1907,  PENN- 
SYLVANIA,”   39  52  18.0 

Octoraro,  1.5  miles  west  of,  crossroads,  sign  reads 

“Steelville  4 mi.,  Kirkwood  3 mi.,  Oxford  6 ml 39  52  27.5 

Pleasant  Grove  schoolhouse,  front  door  of,  39  52  39.9 

Bartville,  0.5  mile  southeast  of,  crossroads,  sign  reads 
“Kirkwood  3 mi.,  Jackson’s  Mill  2 mi.,  Steelville  5 

mi..  Bell  Road  2 mi.,”  39  53  14.9 

Bartville,  crossroads  (Cotters  Corners),  50  feet  north 
to  southeast  corner  of  post-office,  63  feet  west  to 
corner  picket  fence,  41  feet  south  to  corner  wire 

fence,  39  53  29.1 

Bartville,  0.75  mile  northwest  of,  forks  of  roads  north- 
west and  south 39  53  47.7 

Bartville,  1.5  miles  northwest  of,  T road  south 39  53  47.4 

Collins  post-office,  1.5  miles  northeast  of,  T road  north,  39  53  30.1 


Collins  post-office,  crossroads,  42  feet  north  to  corner 
porcli  of  store  and  post-office,  58  feet  northwest  to 


telegraph  pole 39  52  48.7 

Collins  post-office,  in  west  face  at  northwest  corner 
of  Harmoner  school  house;  aluminum  tablet  stamped 
“Prim.  Trav.  Sta.  No.  8,  1907  PENNSYLVANIA,”  ..  39  52  49.1 

Collins  postoffice,  0.75  mile  northwest  of,  crossroads,..  39  53  17.3 

Quarryville  cemetery,  crossroads,  39  53  01.6 

Buck,  1.75  miles  northeast  of,  forks  of  roads  southwest 
and  west,  sign  reads  “Hopkins  Mill  2 mi..  Oak  Bot- 
tom 2 mi..  Buck  2 mi.,”  39  52  40.6 

Buck,  1 mile  northeast  of,  crossroads,  sign  reads 
“Quarryville  2 mi..  Buck  1 mi.,  Hopkins  Mill  1.5  mi., 

Lancaster  14  mi.,”  39  52  40.6 


Buck,  crossroads,  50  feet  south  to  telephone  pole  near 
large  poplar,  66  feet  east  tO'  corner  large  white  barn,  39  52  21.4 

Magnetic  declination,  West  border,  6°  31'  West. 

South  border,  6°  24'  West. 

North  border,  5°  57'  West. 


Longitude. 


76  03  50.5 
76  02  59.8 

76  01  45.2 
76  01  06.5 

75  59  25.1 
75  58  45.0 

WEST  TO 
Longitude. 


76  00  17.2 

76  01  59.2 
76  02  58.3 


76  03  45.6 


76  04  05.4 

76  04  48.9 
76  05  37.1 
76  06  44.4 


76  07  58.4 


76  07  57.0 
76  08  34.6 
76  09  38.7 


76  10  50.0 


76  12  46.8 
76  13  44.2 
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PENNSYLVANIA. 


BELLEFONTE,  PHILIPSBURG  AND  SNOWSTIOE  QUADRANGLES,  CEN- 
TRE AND  CLEARFIELD  COUNTIES. 

The  following  geographic  positions  on  U.  S.  Standard  were  deter- 
mined from  primary  traverse  run  by  C.  B.  Kendall  in  October,  1907. 
The  line  begins  at  Morrisdale  triangulation  station  and  follows  the 
mountain  division  of  the  Pennsylvania  Railroad  south  to  Gardner 
station,  thence  east  along  highways  via  Hannah  station  to  Gates- 
burg,  where  it  turns  north  along  highways  via  Martha  station  to 
the  summit  of  the  Allegheny  uiouiitaius,  and  continues  north  across 
the  plateau,  following  trails  to  a point  on  the  New  York  Central 
and  Hudson  River  Railroad  about  2 miles  east  of  Gorton  Heights 
station.  Thence  west  along  the  New  York  Central  and  Hudson 
River  Railroad  to  Peall  station  and  continues  west  along  highways 
via  Kylertown  to  Pardee  triangulatlon  station. 

For  the  control  of  the  Bellefonte  quadrangle  the  line  begins  at  the 
point  2 miles  east  of  Gorton  Heights  station  and  follows  the  New 
York  Central  and  Hudson  River  Railroad  to  Gilliutowii  station 
thence  east  along  highways  via  Huowshoe,  Rhooda  station  and  Yar- 
nell  to  Curtin  station.  Thence  south  along  the  Pennsylvania  Rail- 
road via  Milesburg  and  Bellefonte  to  Peru  station  and  continues 
south  along  highways  to  a point  1.5  miles  south  of  Linden  Hall 
where  it  turns  west  along  highways  via  Bloomsdorf  station  to  ad- 
justed position  at  Gatesburg. 

Two  additional  lines  were  run,  one  beginning  at  Philipsburg  and 
running  east  along  highways  via  Beaver  Mills  to  tie  point  at  summit 
of  Allegheny  mountains.  The  other  begins  at  Milesburg  and  follows 
the  Bald  Eagle  Valley  Division  of  the  Pennsylvania  Railroad  south- 
west via  Unionville  and  IMartha  to  Hannah,  tieing  with  the  main 
circuits  at  the  last  two. points. 

PHILIPSBURG  QUADRANGLE. 

GEOGRAPHIC  POSITIONS  ALONG  PENNSYLVANIA  RAILROAD,  MORRIS- 
DALE TO  GARDNER. 

Stations.  Latitude.  Longitude. 

Morrisdale  triangulatlon  station.  (Not  occupied.)  The 
tower  ot  the  large  brick  school  building  at  Morris- 
dale, 4 miles  north  of  Pliilipsburg.  Station  mark: 

Center  of  tower. 


40  56  51.88  78  13  26.61 
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Stations. 


Latitude. 

O / tf 


Morrisdale,  junction  of  streets  southeast  and  south- 
west at  John  W.  Howe’s  store,  35  feet  south  to  tele- 
phone pole,  10  feet  east  to  trolley  track 

Loch  Lomond  Junction,  at  the  “ R U”  tower,  cross- 
ing of  New  York  Central  and  Hudson  River  R.  R. 

and  Pennsylvania  R.  R. , 

Philipsburg,  0.75  mile  northeast  of,  road  crossing  75 

feet  southwest  of  trestle  No.  208,  center  of  track 

Philipsburg  station,  75  feet  south  of;  West  Presqueisle 

street  crossing,  center  of  main  track 

Steiners  station,  75  feet  northeast  of,  road  crossing; 

center  of  main  track 

Moshannon  Creek,  Pennsylvania  railroad  bridge  over; 

center  of  pier 

Boynton  station,  0.25  mile  southwest  of,  road  crossing; 

east  main,  or  center  track,  

Osceola  Mills  station,  200  feet  northwest  of;  in  west 
edge  of  grass  plot  lying  between  the  Tyrone-Clearfleld 
and  the  Moshannon  branches  of  the  Pennsylvania 
Railroad,  and  about  50  feet  southeast  of  the  triangle 
at  junction  of  the  Osceola-Sandy  Ridge  road  and 
Curtin  street;  iron  post  stamped  “Prim.  Trav.  Sta. 

No.  1,  1907  PENNSYLVANIA,”  

Osceola  Mills  station,  1 mile  southeast  of;  road  cross- 
ing at  switch  to  coal  mine,  north  rail  of  south  track, 
Powellton  station,  1100  feet  north  of;  road  crossing  on 
curve  near  row  of  6 houses,  west  rail  of  west  track. 
Retort  station,  30  feet  south  of,  road  crossing,  center 

between  main  tracks 

Sandy  Ridge  station,  200  feet  south  of;  road  crossing, 

east  rail  of  west  track,  

Summit  station,  opposite  operators  tower;  center  of 

east  track 

Milepost  No.  12,  center  of  track  opposite 

Mt.  Pleasant  station,  center  of  track  opposite  water 

tank,  

Milepost  No.  9,  center  of  track  opposite,  

Gardner  station,  210  feet  west  of;  95  feet  south  of  mile- 
post No.  8,  on  north  edge  of  road  at  bend  to  south- 
west; top  of  milepost  S bears  N.  6P'  W.  distant  94.6 
feet;  southwest  corner  of  waiting  shed  bears  N.  86° 
15'  E.,  distant  211.4  feet;  iron  post  stamped  “Prim. 
Trav.  Sta.  No.  2,  1907  PENNSYLVANIA,”  


40  56  40.0 

40  55  04.3 
40  54  18.5 
40  53  43.1 
40  53  21.9 
40  52  50.1 
40  51  57.7 


40  50  58.3 

40  50  11.0 

40  49  44.1 

40  48  59.3 

40  48  20.9 

04  47  20.2 
40  46  31.2 

40  45  32.7 
40  45  16.1 


40  44  36.3 


Longitude. 

o / n 


78  13  40.6 

78  12  39.8 
78  13  14.8 
78  13  24.3 
78  13  30.0 
78  14  10.5 
78  14  52.0 


78  15  47.6 

78  15  45.3 

78  14  38  2 

78  14  08.2 

78  13  37.4 

78  14  22.4 
78  14  32.6 

78  14  49.5 
78  13  32.1 


78  13  46.2 


GEOGRAPHIC  POSITIONS  FROM  GARDNER  EAST  ALONG  HIGHWAYS 
VIA  HANNAH  TO  GALESBURG. 

Stations.  Latitude.  Longitude. 

O / ft  O / // 

Gardner  station.  1.25  miles  northeast  of;  T road  west, 

70  feet  northeast  to  bridge  over  Arneigh  Run,  30  feet 

southwest  to  corner  of  fence 40  44  50.5  78  12  25.4 
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Stations.  Latitude. 


Of  ff 

Gardner  station,  2.5  miles  northeast  of;  4 corners, 
Gardner-Hannah  road  crossing  the  Philipsburg-Ty- 
rone  pike,  25  feet  southeast  to  W.  H.  Beigler’s  mail 

box,  25  feet  northeast  to  chestnut  tree,  40  45  55.6 

Second  class  road  to  southeast,  center  of  main  road, 

15  feet  southeast  to  double  chestnut  oak,  40  feet 

northeast  to  boulder,  40  46  42.9 

Fowler  station,  about  2.5  miles  northwest  of,  forks  of 
roads  northeast  and  southeast,  point  of  triangle;  30 
feet  west  to  bridge  over  Vaughn’s  Run,  20  feet  south- 
west to  double  oak 40  47  12.9 

Fowler  station,  2 miles  northwest  of,  4 corner  roads 
southeast,  northeast  and  southwest;  second  class 

road  to  west,  forked  oak 40  46  45.7 

Fowler  station,  1.5  miles  northwest  of,  forks  of  road, 
signpost  in  center  of  triangle,  post  marked  “To  Fow- 
ler 1.5  mi.,  Sandy  Ridge  8 mi.,  Hannah  2 mi.,”  40  46  28.5 


Fowler  station,  800  feet  northeast  of;  on  north  edge  of 
the  Tyrone-Bellefonte  old  plank  road,  in  northwest 
corner  of  intersection  with  the  Sandy  Ridge  road; 
iron  post  stamped  “Prim.  Trav.  Sta.  No.  3,  1907 


PENNSYLVANIA,”  40  45  26.5 

Hannah  station,  road  crossing  Pennsylvania  Railroad, 
center  between  tracks,  40  45  58.4 


Hannah  station,  1.6  miles  east  of,  forks  of  road  on  top 
of  ridge,  road  south,  second  class  road  west;  center 
of  triangle,  40  feet  southeast  to  chestnut  oak,  35  feet 


southwest  to  chestnut  oak,  40  45  56.1 

Loveville,  1 mile  north  of,  4 corners;  intersect  Half 

Moon  Valley  pike  and  Loveville-Hannah  road 40  45  45.4 

Loveville,  T road  to  north  at  store,  25  feet  northwest 
to  corner  store  porch,  25  feet  east  to  poplar  tree  at 

corner  of  garden  fence,  40  45  08.0 

Loveville,  1 mile  east  of,  T road  west;  center  of  tri- 
angle, 25  feet  southwest  to  signboard;  “Tyrone  13 

mi,”  25  feet  east  to  post  and  rail  fence 40  45  12.9 

Gatesburg,  1.25  miles  west  of,  T road  north,  center  of 
triangle,  25  feet  east  to  sign  boards,  “Maringo  1 mi., 

Loveville  2 mi.,  Gatesburg  1 mi.,”  40  44  39.8 

Gatesburg,  cross  streets  opposite  the  Lutheran  Church, 

center  of  intersection,  40  44  41.0 

Gatesburg,  in  southeast  corner  of  cross  streets,  125 
feet  west  of  Gatesburg  Lutheran  church,  iron  post 
stamped  “Prim.  Trav.  Sta.  No.  4,  1907  PENNSYL- 
VANIA,”   40  44  41.0 


Longitude. 

Of  ff 


78  11  42.7 


78  10  56.1 


78  09  34.4 


78  08  45.8 


78  08  19. S 


78  06*45.5 
78  05  45.4 

78  04  29.0 
78  03  44.1 

78  03  25.9 

78  02  16.3 

78  01  45.3 
78  00  18.8 

78  00  18.4 
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GEOGRAPHIC  POSITIONS  ALONG  HIGHWAYS  PROM  GATESBURG 

NORTH. 


Stations. 


Latitude.  Longitude. 

o / //  o / // 


Stormstowu,  0.7  miie  southeast  of;  fork  of  roads  east 
and  southeast,  35  feet  south  to  oak  tree,  30  feet  north 
to  sign  post,  “State  College  9 mi.,  Pinegrove  8 mi.,”.. 
Stormstown,  T road  southeast,  center  of  Halfmoon 
pike,  140  feet  west  to  T road  north,  40  feet  sout;i^.ast 

to  northwest  corner  of  Burket’s  store 

Martha  station,  300  feet  west  of,  road  crossing  the  Bald 

Eagle  Valley  Railroad,  center  of  main  track 

Martha,  1.5  miles  north  of;  forks  of  roads  north  and 
northwest,  southeast  point  of  triangle,  20  feet  east  to 

small  thorn  tree;  12  feet  south  to  wire  fence,  

Black  Oak  Schoolhouse,  0.25  mile  east  of,  forks  of  road 
on  top  of  hill,  south,  east  and  west,  center  of  tri- 
angle,   

Blackoak  schoolhouse,  on  south  edge  of  road  about  3 
miles  north  of  Martha  and  0.75  mile  south  of  summit 
Allegheny  Mountains,  at  northeast  corner  of  school- 
house;  iron  pest  stamped  “Prim.  Trav.  Sta.  No.  5, 

1907,  PENNSYLVANIA,”  

Blackoak  schoolhouse,  0.7  mile  north  of;  on  mountain 
side,  junction  of  Philipsburg-Bellefonte  pike  and  road 
south  to  Martha,  25  feet  south  to  Chestnut  oak  and 

sign  “Martha  5 mi.,  Julian  5 mi.,”  

Blackoak  schoolhouse,  1 mile  northwest  of;  at  summit 
of  the  Allegheny  Mountains,  center  of  Philips-Belle- 
fonte  pike;  25  feet  north  to  oak  tree  stump,  40  feet 
east  to  old  road  north,  


40  47  11.0 

40  47  36.8 
40  49  59.7 

40  51  17.6 

40  52  20.9 

40  52  17.7 
40  52  50.2 
40  52  57.4 


78  00  23.4 

78  00  59.5 
78  00  27.8 

78  00  47.2 

78  00  35.7 

78  00  47.1 
78  00  39.8 
78  01  14.4 


GEOGRAPHIC  POSITIONS  ALONG  OLD  ROADS  AND  TRAILS. 


Stations. 


Latitude.  Longitude. 

o / //  o / // 


Allegheny  summit,  1 mile  northeast  of;  forks  of  roads 
east  and  northeast,  30  feet  south  to  slim  dead  pine, 

50  feet  northeast  to  chestnut 40  53  30.3 

Rattlesnake  pike,  2 miles  northwest  of,  0.5  mile  north 
of  Benner  Run,  on  east  edge  of  road,  large  granite 

boulder,  cross  on  highest  point  of,  40  56  16.6 

Benner  Run,  top  of  ridge  north  of;  at  junction  of  the 


Lober  and  Beacher  old  dinky  Railroad  grade  leading 
south  from  mouth  of  Rock  Run,  and  old  timber  trail 
leading  north  from  the  Rattlesnake  pike  via  Benner 

Run;  rock  cairn  3 feet  high 40  56  43.9 

New  York  Central  and  Hudson  River  Railroad,  3 miles 
south  of;  in  Lober  and  Beachy  dinky  old  grade  at 
east  and  west  old  road  crossing  about  800  feet  east 
of  head  of  liollows,  30  feet  east  to  cross  cut  on  pine 
tree,  40  feet  north  to  oak  tree  blazed  and  scribed  thus: 

X P — rock  cairn  3 feet  high 40  57  24.9 


78  00  16.7 


78  00  02.8 


78  00  10.6 


78  00  06.9 
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Stations.  Latitude.  Longitude. 

O / '/  O f ft 

Lober  and  Beacher  old  camp  grounds;  old  road  cross- 
ing the  dinky  railroad  grade,  center  of  old  grade;  35 

feet  west  to  cross  cut  on  oak  tree 40  57  48.5  78  00  15.2 

New  York  Central  and  Hudson  River  Railroad;  0.9  mile 
south  of;  center  of  old  dinky  bridge  over  Rock  Run,  40  59  10.7  78  00  17.2 


GEOGRAPHIC  POSITIONS  ALONG  THE  NEW  YORK  CENTRAL  AND  HUD- 
SON RIVER  RAILROAD,  GORTON  TO  PE  ALE. 


Stations. 


Latitude.  Longitude. 

O / //  Q f ft 


Gorton,  1.5  miles  east  of,  center  of  girder  bridge  over 

Little  Moshannon  creek,  40  59  48.5  78  00  24.8 

Gorton  station,  1,000  feet  east  of;  at  west  end  of  coke 
ovens,  road  crossing,  south  rail,  main  track,  40  59  37.6  78  02  06.4 


Gorton  station,  70  feet  east  of  operator’s  office,  30  feet 
north  of  center  of  main  track;  southeast  corner  of 
operator’s  office  bears  N.  69°  W. , distant  66.6  feet; 
southwest  corner  of  section  foreman’s  house  bears  N. 
8TV2°  E.,  distant  60.5  feet;  southwest  corner  in  front 
yard  of  section  foreman’s  house;  iron  post  stamped 


“Prim.  Trav.  Sta.  No.  6,  1907  PENNSYLVANIA,”  ..  40  59  42.6  78  02  19.2 

Peale  station,  0.75  mile  northeast  of,  southeast  en- 
trance to  Peale  tunnel,  center  of  track 40  59  16.1  78  04  01.0 

Peale  station,  road  crossing,  center  of  main  track 40  59  27.5  78  04  50.3 


GEOGRAPHIC  POSITIONS  ALONG  HIGHWAYS. 


Stations.  Latitude.  Longitude. 

Off/  O f ft 

Peale  (town),  300  feet  southeast  of  hotel;  center  of  road 

on  fill  over  small  stream  at  5 corners,  40  59  53.5  78  04  52.9 

West  Climer,  0.6  mile  east  of;  at  watering  trough,  T 
road  north,  60  feet  east  to  watering  trough,  15  feet 

north  to  sign  “Drifting  3 mi.,”  41  OO  10.0  78  06  05.2 

West  Clymer,  cross  streets  at  Swedish  Church,  50  feet 
southeast  to  cupola  of  church,  30  feet  northeast  to 
stump  and  telephone  pole,  35  feet  northwest  to  sign 

“Kylertown  4 mi.,”  41  00  09.9  78  06  42.9 

West  Climer,  1 mile  west  of;  T road  to  east  at  Pleasant 
Hill  schoolhouse,  60  feet  west  to  schoolhouse  door,  40 

feet  north  to  pine  tree 41  oo  08.9  78  07  53.7 

West  Climer,  1 mile  west  of,  in  east  face  at  northeast 
corner  of  foundation  of  Pleasant  Hill  schoolhouse, 
aluminum  tablet  stamped  “Prim.  Trav.  Sta.  Mo.  7, 

1907,  PENNSYLVANIA,”  41  00  08.8  78  07  54.5 

Kylertown,  1.5  miles  southeast  of;  4 corners  crossroads, 

20  feet  south  to  signpost  “Kylertown  1.5  mi..  Viaduct 
4.5  mi.,  Grassflat  2.75  mi.,  Winburn  1.5  mi.,”  30  feet 

west  to  telephone  pole 40  59  10.1  78  08  29.7 
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Stations. 


Latitude.  Longitude. 

O / //  O / // 


Kylertown,  cross  streets  at  hotels,  35  feet  northeast 
to  corner  of  Commercial  Hotel,  35  feet  southwest  to 

corner  of  old  Kyler  House 

Kylertown,  1 mile  southwest  of,  Pardee  triangulation 
station,  aboot  400  feet  north  of;  5 corners,  center  of 
triangle;  60  feet  southwest  to  sign  Grahamtown  road 

1 mile 

Pardee  triangulation  station;  in  Morris  Township,  1 
mile  south  of  Kylertown,  2 miles  north  of  Munson, 
on  property  of  the  Pardee  Coal  Company,  20  feet  east 
of  road  at  a point  150  yards  south  of  forks  of  road. 
Station  mark:  An  oak  tree  trimmed  up,  10  feet  east 
of  north  and  south  fence  and  2 feet  south  of  each  and 
west  fence,  


40  59  36.7  78  10  03.2 


40  58  58.6  78  10  36.0 


40  58  54.96  78  10  34.43 


GEOGRAPHIC  POSITIONS  ALONG  HIGHWAYS  PROM  PHILIPSBURG 

EAST. 


Stations. 


Latitude. 

o / n 


Longitude. 

Of  tf 


Philipsburg  station,  1 mile  northeast  of;  bridge  over 
Cold  Stream,  450  feet  east  of,  T road  to  west;  center 

of  triangle 

Philipsburg  station,  2 miles  northeast  of;  4 corners  at 
One  Mile  Run,  400  feet  south  of  coal  mine,  30  feet 
west  of  center  of  bridge  over  One  Mile  Run,  80  feet 

southeast  to  telephone  pole,  

Top  of  ridge  between  Cold  Stream  and  Black  Bear 
Run,  500  feet  west  of;  forks  of  road  to  northeast,  25 
feet  east  to  forked  chestnut,  60  feet  northwest  to  two 

chestnut  trees,  

Black  Bear  Run,  center  of  highway  bridge  over 

Black  Bear  and  Six  Mile  Runs,  at  summit  between; 
old  north  and  south  second  class  road  crossing  pike, 
30  feet  southeast  to  clump  of  3 chestnut  trees,  25  feet 

southwest  to  oak,  

Artie  Springs,  center  of  pike  at  entrance  to  grounds, 
25  feet  south  to  gateway,  50  feet  northwest  to  clump 

of  3 pines,  

Six  Mile  Run,  center  of  highway,  bridge  over 

Six  Mile  Run,  1.25  miles  east  of,  4 corners  at  northeast 
edge  of  clearing,  T road  to  north,  second  class  fork 
of  road  southeast,  15  feet  southwest  to  corner  of  wire 

fence,  25  feet  north  to  corner  of  wire  fence,  

Black  Moshannon  schoolhouse,  420  feet  east  of;  bridge 
over  Black  cr  Little  Moshannon  creek,  260  feet  west 
of,  in  sandstone  ledge  or  north  edge  of  Philipsburg- 
Bellefonte  pike,  30  feet  north  of  junction  with  public 
roads  northwest  to  Peale;  bronze  tablet  stamped 
“Prim.  Trav.  Sta.  No.  15,  1907  PENNSYLVANIA,”  .. 


40  54  06.5 


40  54  19.8 


40  53  59.4 
40  54  04.3 


40  54  09.3 


40  54  23.2 
40  54  33.0 


40  54  34.5 


40  54  55.1 


78  12  31.1 


78  11  50.3 


78  09  54.8 
78  09  13.9 


78  07  45.4 


78  07  08.5 
78  06  16.4 


78  04  44.6 


78  03  39.7 
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Stations.  Latitude.  Longitude. 

o / //  o t n 

Oid  Beaver  Mills  Company  store,  1,200  feet  south  of; 
forks  at  bend  of  pike  to  east,  second  class  road  to 
south,  25  feet  south  to  gate,  65  feet  east  to  corner  of 
stone  foundation  to  old  house,  40  feet  north  to  corner 

of  cemetery  fence,  40  53  20.4  78  02  25.1 


GEOGRAPHIC  POSITIONS  ALONG  PENNSYLVANIA  RAILROAD,  MARTHA 

TO  HANNAH. 


Stations. 


Latitude.  Longitude. 

O / //  O t ft 


Milepost  No.  16-39,  100  feet  west  of;  second  class  road 

crossing,  center  of  track,  40  49  16.5 

Port  Matilda  station,  50  feet  west  of;  pubiic  road  cross- 
ing, center  of  main  track 40  47  51.0 


Port  Matilda,  station,  250  feet  northwest  of,  in  top  of 
west  wing  wall  to  south  abutment  of  highway  bridge 
over  Baid  Eagle  Creek,  aluminum  tablet  stamped 


“Prim.  Trav.  Sta.  No.  16,  1907  PENNSYLVANIA,”  ..  40  47  52.8 

Port  Matilda,  1 mile  southwest  of,  milepost  13,  1,000 
feet  west  of,  second  class  road  crossing,  center  of 

track,  40  47  14.9 

Hannah,  1 mile  northeast  of,  500  feet  west  of  milepost 

12,  second  class  crossing,  center  of  track 40  46  45.9 

Hannah  station,  road  crossing  Pennsylvania  Railroad, 
center  of  between  tracks 40  45  58.42 


78  01  31.1 
78  03  05.0 

78  03  07.5 

78  03  55.8 
78  04  45.7 
78  05  45.40 


Declination,  west  border  quadrangle,  5°  04'  West;  South  border,  5°  26'  West; 
East  border,  5°  53'  West;  North  border,  5°  29'  West;  center  of  sheet,  5°  32'  W. 


SNOESHOE  QUADRANGLE. 

GEOGRAPHIC  POSITIONS  ALONG  NEW  YORK  CENTRAL  AND  HUDSON 

RIVER  RAILROAD. 


Stations.  Latitude.  Longitude. 

O f ft  O f •/ 

Milepost  “J  S 52,”  center  of  track  opposite 41  00  14.2  77  59  03.2 

Milepost  “J  S 51,”  center  of  track  opposite,  41  00  52.5  77  58  47.3 


GEOGRAPHIC  POSITIONS  ALONG  HIGHWAYS. 


Stations. 


Latitude. 

O / ft 


Longitude. 

O / ff 


Gillintown  station,  0.5  mile  earft  of,  T road  east,  30  feet 
southwest  to  apple  tree,  25  feet  southeast  to  telephone 

pole  at  corner  of  fence 41  01  49.8 

Snowshoe,  0.8  mile  northwest  of,  T road  north,  40  feet 
northeast  to  large  oak  by  fence,  60  feet  west  to  tele- 
phone pole 41  01  48.2 


Snowshoe,  1,200  feet  south  of  station,  100  feet  north  of 
Methodist  church,  crossing  of  Gillintown-Snowshoe 
pike  and  State  road,  15  feet  southeast  to  drain  abut- 
ment, 20  feet  northeast  to  drain  abutment 41  01  37.5 


77  59  07.8 


77  57  49.0 


77  57  05.5 
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Stations.  Latitude. 

O / // 

Snowshoe,  0.9  mile  east  of,  T road  to  south,  15  feet 
nortii  to  oak,  25  feet  south  to  farm  gate 41  01  37.5 


Snowshoe,  1.7  miles  east  of,  0.75  mile  south  of  Fountain 
station,  T road  north  to  Clarence,  20  feet  north  to 
center  of  triangle,  40  feet  northwest  to  signpost 


“Clarence  2 mi.,”  41  01  39.9 

South  Fork  of  Beech  Creek,  center  of  stone  arch  bridge 

over 41  01  25.6 

Rhoads  station,  0.7  mile  northwest  of,  summit  of  ridge, 
center  of  pike,  41  00  56.3 


Rhoads  station,  1,000  feet  south  of,  on  east  edge  Snow- 
shoe-Bellefonte  pike,  650  feet  north  of  railroad  cross- 
ing, in  nortliwest  corner  of  front  yard  to  residence  of 
Joseph  Reese;  northwest  corner  of  Reese’s  residence 
bears  S.  69°  W. , distant  43.4  feet;  southwest  corner  of 
stone  foundation  to  cellar  bears  N.  39°  15'  E.,  distant 
71  feet;  iron  post  stamped  “Prim.  Trav.  Sta.  No.  8, 


1907  PENNSYLVANIA,”  41  00  34.8 

Rhoads  station,  0.25  mile  south  of,  T road  east,  center 

of  3 plank  bridge,  41  00  27.8 

Rhoads  station,  1 mile  southeast  of,  at  bend  in  main 
road  near  old  saw  mill  site,  (commonly  known  as  the 
“Devil’s  Elbow),  second  class  T road  up  hill  to  east, 

40  feet  .southeast  to  oak,  12  feet  northeast  to  oak,  ...  41  00  30.2 


Devil’s  Elbow,  0.75  mile  southeast  of,  forks  of  second 
class  road  north,  road  northwest,  10  feet  east  to 

small  oak,  70  feet  northwest  to  forked  oak 41  00  01.5 

Yarnell,  0.5  mile  northwest  of,  forks  of  road  at  saw- 
mill northeast  and  northwest,  point  of  triangle,  20 
feet  east  to  oak,  20  feet  west  to  hickory,  35  feet  north 


to  sign  “Cato  7 mi.,  Snowshoe  8 mi.,”  41  00  14.3 

Yarnell,  1 mile  northeast  of,  forks  of  roads  west  and 

south,  signpost  in  center  of  triangle 41  00  12.2 

Fairview  Church.  0.25  mile  north  of,  near  top  of  ridge, 
roads  north  and  northeast,  40  feet  north  to  sign 
“Yarnell  1.5  mi.,”  10  feet  east  to  oak 41  00  08.3 

Declination,  South  border  of  quadrangle,  5°  59'  West. 


Longitude. 

Of  ft 

77  56  09.1 

77  55  12.3 
77  54  17.1 
77  53  12.2 


77  52  32.2 
77  52  20.7 

77  51  25.0 
77  50  52.0 

77  49  00.0 
77  47  42.7 

77  46  57.4 


BELLEFONTE  QUADRANGLES. 

GEOGRAPHIC  POSITIONIS  ALONG  HIGHWAYS  NEAR  NORTH  BORDER 

OF  QUADRANGLE. 

Stations.  Latitude.  Longitude. 

Yarnell,  1.25  miles  northwest  of;  on  top  of  ridge,  forks 
of  road  southeast,  second  class  road  to  south,  25  feet 
east  to  chestnut  tree,  15  feet  southwest  to  2 chestnuts 
by  fence. 


40  59  48,0 


77  50  07.4 


STATE  OF  PENNSYLVANIA. 


39 


Stations. 


Latitude. 

O / 


Longitude. 

O'  // 


Yarneli,  T road  to  north  at  store,  center  of  triangle, 
30  feet  southeast  to  corner  of  blacksmith  shop,  25  feet 

northeast  to  corner  of  store  (post-office)  porch 

Fairview  church  and  schoolhouse,  forks  of  roads  north 
and  east,  center  of  triangle;  30  feet  north  to  sign 
“Mt.  Eagle  4 mi..  Marsh  Creek  2 mi.,”  35  feet  south- 
west to  front  door  of  church,  

Fairview  church,  1 mile  southeast  of,  forks  of  road  150 
feet  south  of  small  log  cabin,,  second  class  road  north, 
center  of  2 plank  bridge,  60  feet  northwest  to  forked 

sycamore,  25  feet  east  to  birch 

Curtin  public  schoolhouse,  40  feet  west  of;  at  northeast 
corner  of  wire  fence  opposite  the  junction  of  the  Bald 
Eagle  pike  and  T road  north  to  Yarneli;  northeast 
corner  of  schoolhouse  bears  N.  85°  30'  E.  distant  40.6 
feet;  iron  post  stamped  “Prim.  Trav.  Sta.  No.  9,  1907 

PENNSYLVANIA,”  

Curtin  schoolhouse,  1 mile  southwest  of;  second  class 
T road  north  up  valley,  center  of  pike 


40  59  53.5 


40  59  50.7 


40  59  24.4 


40  58  33.0 
40  57  54.6 


77  48  43.4 


77  46  56.0 


77  45  54.0 


77  44  43.7 
77  45  30.3 


GEOGRAPHIC  POSITIONS  ALONG  PENNSYLVANIA  RAILROAD  MILES- 
BURG  VIA  BELLEFONTE  TO  PERU.  ^ 


Stations. 


Latitude.  Longitude. 

O'"  O'" 


Milesbung  station,  0.8  mile  northeast  of,  Bellefonte- 

Lock  Haven  pike  crossing,  center  of  track,  40  57  08.1  77  46  42.0 

Milesburg  station,  350  feet  east  of;  street  crossing,  cen- 
ter of  main  track 40  56  41.5  77  47  34.4 

Highway  bridge  over  Buffalo  Run,  road  crossing,  cen- 
ter of  main  track 40  55  19.8  77  47  08.8 

Bellefonte  station,  125  feet  north  of.  High  Street  cross- 


ing, center  of  main  track;  60  feet  northwest  to  corner 
of  Potter,  Hay  Hardware  Company’s  warehouse,  125 


feet  south  to  north  end  of  station 40  54  42.6  77  46  54.1 

Bellefonte  station,  1.25  miles  southeast  of,  milepost  No. 

2,600  feet  north  of;  road  crossing,  center  of  track 04  53  47.7  77  46  20.0 


Axeman,  0.5  mile  south  of,  on  east  edge  of  Belief onte- 
Lewiston  pike,  in  northwest  corner  of  Logans  branch 
public  schoolhouse  grounds  at  junction  of  pike  and 
road  southwest  to  Lemont;  iron  post  stamped  “Prim. 


Trav.  Sta.  No.  10,  1907  PENNSYLVANIA,”  40  53  08.9  77  45  49.0 

Pleasant  Gap  station,  road  crossing;  center  of  track,...  40  52  18.5  77  45  35.3 

Peru  (town),  T road  south  to  Linden  Hall,  30  feet 
southwest  to  Beech  tree,  10  feet  north  to  wire  fence, 

30  feet  southeast  to  sign  “Linden  Hall  4 mi.,  Lemont 
^ 40  51  13.0 


77  46  05.1 
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GEOGRAPHIC  POSITIONS  ALONG  HIGHWAYS,  PERU  TO  LINDEN  HALL. 


Stations. 


Latitude.  Longitude. 

o / //  o / »/ 


Peru,  1 mile  south  of,  second  class  fork  of  road  to 


southwest,  10  feet  west  to  old  stump,  60  feet  south 

to  hickory,  40  50  22.7 

Peru,  1.5  miles  south  of,  forks  of  road  at  junction  of 

two  valleys 40  49  57.6 

Old  sawmill  site,  600  feet  southwest  of,  forks  of  road, 
center  of  bridge  over  stream 40  49  32.4 


Linden  Hall,  1 mile  north  of,  on  side  of  mountain,  0.5 
mile  south  of  summit,  forks  of  roads,  roads  north- 
east up  mountain,  25  feet  west  to  pine,  30  feet  north- 


west to  pine 40  48  48.1 

Linden  Hall,  at  northwest  edge  of,  550  feet  west  of 
church,  T road  north  to  Peru,  40  feet  northeast  to  old 
log  shop,  30  feet  northwest  to  cornerpost  of  fence,  . . 40  47  58.0 

Linden  Hall  station,  200  feet  east  of,  road  crossing 

Pennsylvania  railroad,  center  of  track 40  47  49.4 

Linden  Hall,  1.25  miles  south  of,  1.5  miles  east  of  Boals- 
burg,  in  center  of  triangle  at  T road  north;  iron  post 
stamped  “Prim.  Trav.  Sta.  No.  11,  1907  PENNSYL- 
VANIA,”   40  46  46.2 


77  45  43.4 
77  45  17.6 
77  45  20.2 

77  46  03.6 

77  45  51.5 
77  45  38.8 

77  45  34.1 


GEOGRAPHIC  POSITIONS  ALONG  HIGHWAYS  NEAR  SOUTH  BORDER 

OF  QUADRANGLE. 


Stations. 


Latitude.  Longitude. 


Boalsburg,  east  edge  of,  250  feet  west  of  bridge  over 
Spring  Creek,  3 corners  known  as  Boalsburg  Dia- 
mond, center  of  triangle,  20  feet  south  to  sign  “Old 

Fort  8 mi.,  Tusseyville  5 mi.,”  40  46  33.7  77  47  19.8 

Boalsburg,  1 mile  west  of,  4 corners  crossroads;  25  feet 
southeast  to  corner  of  fence,  25  feet  northeast  to  cor- 
ner of  fence,  40  46  30.6  77  48  25.7 

Shingletown,  0.25  mile  east  of,  T road  north,  60  feet 
east  to  telephone  pole,  15  feet  southeast  to  J.  F. 

Lohr’s  mailbox 40  46  00.1  77  49  25.7 

Shingletown,  1 mile  southwest  of;  fork  of  roads  east 
and  northeast,  signpost  in  center  of  triangle,  sign 

reads  “Pinegrove  3 mi.,  Lemont  3 mi.,”  40  45  34.3  77  50  40.4 

Pinegrove  Mills,  2 miles  northeast  of,  1.5  miles  south- 
east of  Bloomsdorf,  T road  to  north,  center  of  tri- 
angle  40  44  57.1  77  52  00.5 

Bloomsdorf  station,  0.5  miles  east  of,  4 miles  south  of 
State  College,  6 miles  west  of  Lemont,  at  corner  of 
garden  in  northeast  corner  of  intersection  of  cross- 
roads, iron  post  stamped  “Prim.  Trav.  Sta.  No.  12, 

1907  PENNSYLVANIA,”  40  45  35.9  77  52  39.9 

Bloom.sdorf,  0.5  mile  west  of,  1.25  miles  northwest  of 
Pinegrove,  4 corners  crossroads,  20  feet  southeast  to 
mailbox  at  corner  of  fence,  20  feet  southwest  to  cor- 
ner of  board  fence,  40  44  57.5  77  53  46.0 
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Stations. 


Latitude.  Longitude 

o / r/  o / // 


stone  dwellings  on  north  edge  of  road,  4 corners  cross- 
roads, 20  feet  northwest  to  cornerpost  of  fence,  25 


feet  northeast  to  corner  of  front  yard  fence 40  44  33.5  77  54  30.1 

Stone  dwelling,  0.9  mile  northwest  of,  second  class  T 
road  to  west,  center  of  triangle 40  45  13.0  77  55  09.9 


Stone  dwelling,  1.75  miles  northwest  of.  State  College, 

4.5  miles  southwest  of,  T road  to  south,  15  feet  south  , 

to  center  of  triangle,  50  feet  southeast  to  pine,  10  feet 

north  to  fence,  40  45  44.5  77  55  30.3 

Old  saw'mill  site,  forks  of  roads  east  and  southeast, 

120  feet  northwest  to  pump,  60  feet  southeast  to  small 

pine,  40  45  13.2  77  56  46.2 


GEOGRAPHIC  POSITIONS  ALONG  SCOTIA  BRANCH  OF  PENNSYLVANIA 

RAILROAD. 


Stations. 


Latitude.  Longitude. 

O / ff  O f ft 


Fairbrook  station,  0.5  mile  north  of,  road  crossing  to 
field  at  stub  end  of  siding,  center  of  track 40  44  56.5 


77  57  34.9 


GEOGRAPHIC  POSITIONS  ALONG  HIGHWAYS. 


Stations. 


Latitude.  Longitude. 

O t ft  O * ‘t 


Gatesburg,  1.75  miles  northeast  of,  3 corner  at  railroad 
junction,  center  of  triangle,  110  feet  north  to  road 
crossing  spur  track,  25  feet  north  to  post,  100  feet  east 

to  center  of  railroad,  40  45  27.4  77  58  32.1 

Gatesburg,  1 mile  northeast  of,  4 corners,  second  class 
crossroads,  80  feet  north  to  farm  gate,  50  feet  east  to 

leaning  oak,  .-. 40  45  10.5  77  59  23.6 


GEOGRAPHIC  POSITIONS  ALONG  HIGHWAYS,  GATESBURG  NORTH. 


Stations. 


Latitude.  Longitude. 

O t tt  O t ft 


Junction,  1 mile  northwest  of,  road  crossing  spur  rail- 
road to  mine,  center  of  track 

Summit  betw'een  Junction  and  Stormstown,  center  of 

road 

Stormstown,  1.5  miles  northeast  of,  4 corners,  cross 
roads  southeast,  second  class  road  northwest,  25  feet 
north  to  corner  of  fence,  25  feet  west  to  corner  fence. 
Brick  Church,  40  feet  northeast  of,  T road  to  south, 
east,  30  feet  southeast  to  signpost  “Stormstown  3 mi., 
Scotia  3 mi.,  'State  College  7 mi.,”  25  feet  southwest 

to  corner  fence 

Stony  Point  schoolhouse,  700  feet  north  of,  at  south 
edge  of  Matternville,  T road  to  north,  center  of 
triangle,  40  feet  south  to  signpost  “Bellefonte  12  mi., 
Stormstown  4 mi..  Port  Matilda  70  mi.,”  40  feet  west 
to  stone  wall,  

4 


40  46  03.2  77  59  09.2 

40  46  49.0  77  59  43.4 

40  48  37.3  77  59  36.0 

40  49  12.4  77  58  29.6 


40  49  42.4  77  57  57.6 
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TOPOGRAPHIC  AND  GEOLOGIC  SURVEY. 


Stations. 


Latitude.  Longitude. 

Off/  Off/ 


Matternville,  0.5  mile  northwest  of,  center  of  road  in 

gap  at  summit  of  Bald  Eagle  Ridge 40  50  03.8  77  58  25.4 

Martha,  1 mile  southeast  of,  crossroads  on  side  of 
mountain,  25  feet  north  to  clump  of  maples,  40  feet 

northwest  to  double  maple 40  49  49.5  77  59  25.0 


GEOGRAPHIC  POSITIONS  ALONG  TRAILS. 


Stations. 


Latitude. 

Of  ff 


Longitude. 

Of  f 


Rattlesnake  pike,  1.5  miles  soutliwest  of,  forks  of  roads 
east  and  northeast,  10  feet  north  west  to  pine  stump. 


40  feet  southwest  to  small  leaning  pine 40  54  07.4 

Rattlesnake  Pike,  0.75  mile  southwest  of,  forks  of  roads 
southwest  and  west,  tall  dead  pine  tree  in  angle,  ....  40  54  37.4 

Rattlesnake  Pike,  fork  to  northwest,  150  feet  east  of  T 
road  southeast,  40  feet  north  to  three  pronged  oak 

(notched),  60  feet  northwest  to  oak 40  55  01.1 

Rattlesnake  Pike,  1 mile  northwest  of,  southeast  fork 
of  Benner  Run,  center  of  old  pole  bridge  over 40  55  47.9 


77  59  36.9 
77  59  06.9 


77  58  38.4 
77  59  29.6 


GEOGRAPHIC  POSITIONS  ALONG  PENNSYLVANIA  RAILROAD,  MILES- 

BURG  TO  MARTHA. 


Stations. 


Latitude.  Longitude. 

Off/  Off/ 


Snowshoe  intersection,  center  of  main  track  opposite 

water  tank 

White  schoolhouse,  1,000  feet  south  of,  200  feet  east 
of  milepost  28,  second  class  road  crossing,  center  of 

track 

Unionville  station,  1 mile  northeast  of,  second  class 

road  crossing,  center  of  track,  

Unionville,  50  feet  east  of  station,  street  crossing,  cen- 
ter of  main  track 

Unionville,  800  feet  west  of,  set  in  north  end  of  wing 
wall  to  east  abutment  of  Pennsylvania  Railroad 
bridge  No.  26  over  DeWitt  River,  aluminum  tablet 
stamped  “Prim.  Trav.  Sta.  No.  13,  1907  PENNSYL- 
VANIA,”   

Unionville  station,  1 mile  southwest  of,  Cline’s  siding, 
150  feet  west  of,  bridge  No.  25,  160  feet  east  of,  road 

crossing,  center  of  track 

Julian,  1.5  miles  northeast  of,  second  class  road  cross- 
ing, center  of  track 

Bridge  No.  24,  400  feet  west  of,  second  class  road  cross- 
ing, 200  feet  south  of,  corner  of  cemetery,  center  of 

track,  

Julian  station,  140  feet  east  of,  in  south  end  of  wing 
wall  at  east  abutment  to  bridge  No.  23,  over  Laurel 
Run,  aluminum  tablet  stamped  “Prim.  Trav.  Sta.  No. 
14,  1907  PENNSYLVANIA,”  


40  55  58.1 

40  55  22.6 
40  54  58.8 
40  54  30.8 

40  54  18.2 

40  53  43.0 
40  53  04.9 

40  52  31.9 
40  51  54.1 


77  48  52.6 

77  50  22.5 
77  51  16.3 
77  52  13.5 

77  52  34.1 

77  53  30.8 
77  54  28.0 

77  55  28.3 
77  56  19.2 


STATE  OF  PENNSYLVANIA. 
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Stations. 


Latitude.  Longitude. 

o / rr  o f ff 


Julian,  O.S  mile  west  of,  100  feet  west  of  signal  tower, 

road  crossing,  center  of  track,  40  51  30.0  77  57  05.1 

Bridge  No.  21,  center  of,  50  feet  north  to  T road  to 

north 40  50  58.4  77  58  12.1 

Martha,  1.5  miles  northeast  of,  road  crossing,  center 
of  track,  40  feet  north  to  4 corners 40  50  37.6  77  59  00.0 


Declination, 

Declination, 

Declination, 

Declination, 

Declination, 


west  border  of  quadrangle,  5°  53'  West, 
north  border  of  quadrangle,  5’  59'  West, 
east  border  of  quadrangle,  5°  57'  West, 
south  border  of  quadrangle,  5°  37'  West. 
Center  of  quadrangle  5°  37'  West. 


PENNSYLVANIA. 


BUTLER,  KITTANNING,  SHARPSBURG,  SEWICKLET  AND  ZELIENOPLE 
QUADRANGLES,  BEAVER,  BUTLER  AND  LAWRENCE  COUNTIES. 

The  following  geographic  positions  were  determined  by  C.  li. 
Kendall,  field  assistant,  by  primary  traverse  in  190(1.  The  line  be- 
gins with  adjusted  position  at  McCaslin  and  follow's  highways  east 
to  Queens  Junction  thence  along  the  Allegheny  Western  Branch  of 
the  Bessemer  and  Lake  Erie  Railroad  to  Troutman  continuing  ea.st 
along  public  roads  to  a point  1 mile  west  of  Earns  City,  where  it 
turns  south  via  Chicora  to  the  southeast  corner  of  the  Butler  quad- 
rangle then  turns  west  via  Ba.xonburg,  Glade  Mills  and  Gallery  to 
Big  Knob  triangulation  station.  The  circuit  was  closed  on  itself 
by  a line  beginning  at  a point  about  3 miles  east  of  Gallery  and 
running  north  via  Richold  and  Petersville  to  Muddy  Creek  church. 

BUTLER  QUADRANGLE. 

GEOGRAPHIC  POSITIONS  ALONG  HIGHWAYS  NEAR  NORTH  BORDER 

OF  QUADRANGLE. 

Stations.  Latitude.  Longitude. 


Elora,  at  junction  of  Butler  and  Mercer  pike  at  road 
leading  west  to  West  Liberty,  25  feet  south  of  south- 
east corner  of  the  Grange  Hall,  iron  post  stamped 

“Prim.  Trav.  Sta.  No.  2,  1906,”  40  59  13.6  79  59  14.3 

Muddy  creek  church,  5 feet  southwest  of  southwest 

corner  of;  center  of  sandstone  boulder,  40  58  22.6  79  58  24.3 

Maple  Grove  sclioolhouse,  125  feet  south  of;  forks 
northwest  and  southeast,  30  feet  south  to  oak  tree 

and  sign,  ‘‘State  Road  2 miles,”  40  58  34.6  79  57  41.3 


44 


TOPOGRAPHIC  AND  GHOLOGIC  SURVEY. 


Stations. 


Latitude.  Longitude. 

o / //  or// 


Euclid,  1 mile  west  of;  4 corners  at  top  of  hill,  15  feet 
south  to  signboard  Muddy  Creek  2 mi.,  Euclid  1 mi., 

Unionville  4 mi.,  and  State  road  1 mi 40  58  56.2  79  56  55.1 

Euclid,  5.0  mile  west  of;  4 corners  at  top  of  hill,  25  feet 
northwest  to  corner  fence,  30  feet  southwest  to  corner 

fence,  40  59  10.5  79  56  19.8 


GEOGRAPHIC  POSITIONS  ALONG  WESTERN  ALLEGHENY  BRANCH  OF 
BESSEMER  AND  LAKE  ERIE  RAILROAD. 


Stations. 


Latitude.  Longitude. 

O / //  O / // 


Queen  Junction,  crossing  of  the  Bessemer  and  Lake 

Erie  railroad  (main  line) 

Queen  Junction,  1.5  miles  east  of;  public  road  crossing, 

center  of  track,  

Thorn  station,  600  feet  northeast  of;  public  road  cross- 
ing, center  of  track 

Gilbert  station,  0.25  mile  west  of;  in  coping  at  south 
end  of  the  west  abutment  of  the  Western  Allegheny 
railroad  girder  span  over  public  road  50  feet  north 
of  3 corners,  aluminum  tablet  stamped  “Prim.  Trav. 

Sta.  No.  3,  1906,”  

Hooker  station,  0.75  miles  west  of;  road  crossing,  pub- 
lic road  crossing,  center  of  track 

Hooker  station,  100  feet  east  of;  road  crossing,  center 

of  track 

Hooker,  0.75  mile  southeast  of;  overhead  crossing, 

center  of  track  over  road,  

Star  crossing  station,  0.25  mile  northwest  of;  road 
crossing,  center  of  track 


40  58  02.6  79  55  53.9 
40  58  34.3  79  54  19.3 
40  59  11.8  79  53  13.1 


40 

59 

40, 

.6 

79 

51 

57.3 

40 

59 

46 

.7 

79 

50 

37.9 

40 

59 

38, 

.0 

79 

50 

00.5 

40 

59 

06, 

.1 

79 

49 

28.0 

40 

69 

30 

.2 

79 

48 

38.2 

GEOGRAPHIC  POSITIONS  ALONG  HIGHWAYS  NEAR  NORTH  BORDER 

OF  QUADRANGLE. 


Stations. 


Latitude.  Longitude. 

O / //  O / // 


Troutman,  0.5  mile  W'est  of  and  900  feet  east  of  West- 
ern Allegheny  railroad,  T road  to  west,  center  of 
north  and  south  road,  40  feet  southwest  to  corner 
wire  fence  post  and  signpost  Greece  2 mi.,  Butler  11 

mi.,  40  feet  w'est  to  telephone  pole,  40  58  54.4 

Troutman,  T road  to  southeast,  150  feet  northeast  of 
store,  40  feet  west  to  corner  of  blacksmith  shop,  20 

feet  south  to  corner  fence  post,  40  59  16.5 

Troutman,  1.5  miles  northeast  of;  T road  up  hill  to 
north,  60  feet  southwest  to  oil  well,  35  feet  southeast 

to  oak  tree 40  59  54.2 

Hayesville,  forks  at  foot  of  hill,  roads  northwest,  east 
and  southwest,  signpost 40  59  53.6 


79  48  07.6 


79  47  41.0 


79  46  29.1 
79  45  21.2 


STATE  OP  PENISTSYLVANIA. 
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GEOGRAPHIC  POSITIONS  ALONG  HIGHWAYS  NEAR  SOUTH  BORDER 

OF  QUADRANGLE. 


Stations.  Latitude. 

O / ft 

Saxonburg  station,  at  Saxon  Center  M.  E.  Church,  T 
street  east,  60  feet  north  to  corner  of  church,  35  feet 


southeast  to  rock  foundation  to  dwelling 40  45  51.8 

Saxonburg,  1 mile  west  of  station;  4 corners,  15  feet 
northeast  to  corner  front  yard,  35  feet  northwest  to 
corner  fence 40  45  35.3 


Saxonburg,  1.2  miles  east  of;  T road  north,  250  feet 
east  of  T road  to  south,  25  feet  northwest  to  sign 
Hannahstown,  1 mi.,  20  feet  northeast  to  wire  fence 


post 40  45  34.3 

Saxonburg,  at  east  edge  of;  cupola  of  the  German 

Lutheran  church 40  45  00.8 

Saxonburg,  0.75  mile  west  of;  T road  south,  center  of 
east  and  west  road 40  45  02.8 


Saxonburg,  1.8  miles  west  of;  forks  300  feet  west  of 


bridge  over  stream,  roads  east  and  north,  30  feet 
southwest  to  kitchen  door  to  2 story  dwelling,  30  feet 

east  to  large  boulder 40  45  01.9 

Fraziers  mill,  600  feet  north  of;  center  of  bridge  over 
Thorn  creek,  600  feet  east  of  Bessemer  and  Lake 
Erie  railroad 40  45  10.5 


Saxonburg,  4 miles  west  of;  1.6  miles  west  of  Fraziers 
mill,  in  southeast  corner  of  junction  of  roads  north 
and  south  and  T road  to  east,  and  is  800  feet  west 
of  forks  south  and  northeast,  iron  post  stamped 


“Prim.  Trav.  Sta.  No.  8,  1906,”  40  45  11.2 

Gallery  station,  3 miles  east  of;  forks  roads  southeast 
and  southwest,  25  feet  south  to  sign  Glade  Mills  5 
mi.,  Brownsdale  2 mi.,  40  45  02.2 


Gallery  station,  3 miles  east  of;  2 miles  south  ol 
Brownsdale,  in  west  wall  at  nortliwest  corner  of  stone 
foundation  to  barn  of  A.  D.  Hunter  at  junction  of 
Glade  Mills-Evans  City  and  T road  leading  southwest 


to  Calery,  aluminum  tablet  stamped  “Prim.  Trav. 

Sta.  No  9,  1906,”  40  45  01.1 

Brownsdale,  0.6  miles  southwest  of;  forks  150  feet 
southwest  of  church,  roads  southwest  and  west,  large 

oak  at,  40  46  01.6 

Brownsdale,  4 corners  at  top  of  hill,  50  feet  northwest 
to  L.  S.  Rileys  store  door,  30  feet  west  to  corner 

blacksmith  shop 40  46  25.6 

Reibold,  1.5  miles  southeast  of;  4 corners,  25  feet  north 
to  oak,  40  feet  northwest  to  dead  oak,  20  feet  south 

to  apple  tree,  40  46  54.8 

Reibold,  1 mile  south  of;  forks,  roads  southeast  and 

northeast,  center  of  triangle,  40  47  05.7 

Reibold,  50  feet  east  of  station;  road  crossing  Balti- 
more and  Ohio  railroad,  center  of  main  track,  40  47  53.5 


Longitude. 

or  ft 

79  45  57.6 
79  46  42.5 

79  47  15.5 
79  48  34.8 
79  49  37.1 

79  50  31.2 
79  51  16.6 


79  53  04.8 


79  59  04  1 


79  59  03,5 

79  58  24.9 

79  57  59.8 

79  59  18.2 
79  59  48.6 
79  59  42.0. 
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TOPOGRAPHIC  AND  GEOLOGIC  SURVEY. 


Stations. 


Latitude.  Longitude. 

O / //  O f ff 


Schoolliouse,  150  feet  east  of;  4 corners,  store  in  center 
of  intersection  of  roads,  20  feet  northeast  to  corner 
of  fence  and  sign  Butler  road  2 mi..  Island  road  2 

mi.,  etc.,  20  feet  southeast  to  corner  fence,  

Swamp  run,  600  feet  north  of  bridge  over,  4 corners, 
25  feet  southeast  to  signboard  Island  road  0.75  ml.. 
Hickory  corner  2 mi.,  25  feet  northwest  to  sign  Union- 

ville  2.25  miles,  Franklin  road  2.25  miles,  

Muddy  creek  church  1.75  miles  southwest  of;  Junction 
of  Island  road  and  public  T road  south,  forked  chest- 
nut tree  at  junction  120  feet  east  to  forks  northeast 

and  southeast,  

Muddy  creek  church,  5 feet  southwest  of  the  southwest 
corner,  center  of  sandstone  boulder 


40  55  56.6  79  59  54.2 

40  57  07.5  79  59  57.2 

40  57  46.6  79  59  59.2 

40  58  22.60  79  58  24.29 


Declination,  north  border  W.  4°32' 
south  border  W.  3°53' 
east  W.  3 57 

west  W.  4 22 


KITTANNING  QUADRANGLE. 

GEOGRAPHIC  POSITIONS  ALONG  HIGHWAYS  NEAR  WEST  BORDER  OF 

QUADRANGLE. 

Stations.  Latitude.  Longitude. 


O / //  O f ff 

Karns  City,  1 mile  northwest  of;  0.75  mile  southeast  of 
Hayesville;  in  southwest  angle  of  junction  of  Chi- 
cora-Fairview  and  Hayesville-Karns  City  roads,  iron 

post  stamped  “Prim.  Trav.  Sta.  No.  4,  1906,”  40  59  44.0  79  44  44.6 

Liggett  flag  station,  150  feet  north  of  W.  A.  R.  R. , 
forks  of  roads  northwest  and  northeast,  center  of 

triangle 40  58  41.9  79  44  50.2 

Chicora,  at  northwest  edge  of;  forks  300  feet  north  of 
brick  church,  roads  north  and  northwest,  80  feet 
north  to  telephone  pole  and  sign  Fairview  5 mi.,  35 

feet  soutliwest  to  telephone  pole 40  57  21.0  79  44  54.1 

Chicora,  in  sandstone  post  in  northwest  corner  of  the 
intersection  of  Main  St.,  and  Central  avenue,  iron 

post  stamped  “Prim.  Trav.  Sta.  No.  5,  1906,”  40  56  57.1  79  44  31.9 

Chicora,  at  southeast  edge  of;  T road  south  250  feet 
southeast  of  mill,  40  feet  southeast  to  corner  of  barn, 

35  feet  north  to  board  fence,  40  56  43.0  79  44  14.0 

Chicora,  1.3  miles  south  of;  T road  to  east,  center  of 

north  and  south  road,  40  55  47.4  79  44  36.9 

Chicora,  2.2  miles  south  of;  crossroads  300  feet  north- 
east of  schoolhouse,  60  feet  southeast  to  corner  of 

dwellings,  30  feet  northeast  to  post 40  55  04.6  79  44  38.0 


STATE  OP  PENNSYLVANIA. 
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Stations.  Latitude.  Longitude. 


Rattigan,  2 miles  west  of;  4 corners  near  top  of  hill, 

10  feet  southwest  to  chestnut  tree,  20  feet  east  to  2 

hickory  trees,  40  54  23.5  79  44  43.4 

Rattigan,  1.9  miles  west  of;  forks  of  roads  southeast 

and  southwest,  chestnut  tree  in  triangle,  40  53  42.6  79  44  30.9 

St.  Joe,  2.5  miles  southeast  of;  1.25  mile  west  of  Fen- 


elton;  in  sandstone  post  6 by  G by  36  inches,  24  inches 
in  ground,  in  center  of  triangle  at  junction  of  But- 
ler-Fenelton  and  St.  Joe-Fenelton  roads,  and  0.25 


mile  north  of  Buffalo,  Rochester  & Pittsburg  rail- 
road, tablet  stamped  “Prim.  Trav.  Sta.  No.  6,  1906,”  40  52  39.1  79  44  56.0 

Coylesville,  1.5  miles  west  of;  center  of  Butler-Kit- 
tanning pike  at  T road  north,  225  feet  east  of  road 

south,  25  feet  north  to  oak  tree,  40  51  28.8  79  44  41.3 

Clearfield  Catholic  church,  4 corners,  15  feet  northeast 
to  double  oak,  35  feet  south  to  corner  of  old  church,  40  50  37.0  79  44  33.7 

Clearfield  Catholic  church,  spire 40  50  32.3  79  44  35.0 


Clearfield  Catholic  church,  1.1  mile  south  of;  T road 
to  west  at  brick  house,  center  of  north  and  south 


road,  40  feet  southwest  to  telephone  pole,  70  feet 

northwest  to  corner  of  brick  house 40  49  37.1  79  44  44.5 

West  Winnfield,  2.8  miles  northwest  of;  forks  of  roads 
north  and  east,  10  feet  nortliwest  to  3 mail  boxes,  15 

feet  south  to  board  fence 40  48  24.9  79  44  49.9 

Marwood  station,  1.5  mile  east  of;  crossroads  at  stone 
house,  100  feet  east  to  signboard  Coylesville,  5 miles, 

Dennys  Mill,  2 miles;  20  feet  south  to  oak 40  47  39.1  79  44  55.3 


Saxonburg,  2 miles  east  of  station;  4 corners  at  Win- 
field Grange  Hall,  25  feet  southeast  to  sign  Saxon- 
burg  station  2 mi..  West  Winfield  3 mi.,  etc.,  40  feet 

southwest  to  northeast  corner  of  Grange  Hall 40  46  28.0  79  44  54.8 

Saxonburg  station,  1.5  miles  east  of;  3 miles  west  of 
Liesureville;  in  sandstone  post  6 by  6 by  36  inches  24 
inches  in  ground  in  southeast  corner  of  intersection 
of  roads,  iron  post  stamped  “Prim.  Trav.  Sta.  No.  7, 

1906,”  40  45  31.0  79  44  40.2 


Declination,  west  border,  3°  57'  West. 


SEWICKLEY  QUADRANGLE. 

GEOGRAPHIC  POSITIONS  ALONG  HIGHWAYS  NEAR  NORTH  BORDER 

OP  QUADRANGLE. 

Stations.  Latitude.  Longitude. 

Gallery,  1 mile  east  of;  T road  east  at  store,  300  feet 
northeast  of  brick  church,  center  of  triangle,  40  feet 
west  to  store  door,  15  feet  south  to  black  locust 
tree, 


40  44  13.0  80  00  37.9 
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Stations. 


Latitude.  Longitude. 

O / //  O / // 


Callery  station,  0.75  mile  southeast  of;  3 corners  at 
Myoma,  T road  to  east,  50  feet  northwest  to  store 

door 

Callery  station,  100  feet  southwest  of;  center  between 
main  west  tracks  at  street  crossing  the  B.  & O.  R.  R., 
Callery  station,  1 mile  northwest  of;  T road  to  west, 
center  of  north  and  south  road  at,  20  feet  east  to 

oak,  20  feet  west  to  post  painted  1064,  

Callery,  1.5  miles  northwest  of  station;  T road  to  west, 
10  feet  north  to  mailbox,  20  feet  south  to  corner  wire 

fence  post 

Callery,  3 miles  northwest  of  station;  4 corners,  15 
feet  northwest  to  telephone  pole  and  sign,  Callery 

3 mi.,  Evans  City  1.5  mi 

Forks,  roads  east  and  north,  25  feet  north  to  telephone 

pole,  20  feet  southwest  to  rail  fence,  

Three  corners,  T road  to  east,  20  feet  northeast  to 

locust  tree,  30  feet  southwest  to  buggy  shed 

Big  Knob  triangulation  station,  2 miles  northeast  of; 

4 corners,  center  of  north  and  south  road,  10  feet 

northwest  to  Adam  Teets’  mailbox  painted  989,  50 
feet  southeast  to  dead  tree 

Big  Knob  triangulation  station,  0.75  mile  northeast  of; 
forks  100  feet  northeast  of  church,  roads  west  and 
southwest,  10  feet  south  to  oak,  40  feet  east  to  oak. 
Big  Knob  triangulation  station 


40  43  46.6 
40  44  13.9 

40  44  10.4 

40  44  52.0 

40  44  56.4 
40  44  50.4 
40  44  54.9 

40  44  39.4 

40  43  40.5 
40  43  15.73 


80  01  34.8 
80  02  07.3 

80  02  53.5 

80  03  06.2 

80  04  24.7 
80  05  35.2 
80  08  25.8 

80  10  45.2 

80  11  13.3 
80  12  02.87 


Declination,  north  border,  3°  57'  West. 


SHARPSBURG  QUADRANGLE. 

GEOGRAPHIC  POSITIONS  ALONG  HIGHWAYS  NEAR  NORTH  BORDER 

OP  QUADRANGLE. 

Stations.  Latitude.  Longitude. 


Forks  of  public  roads  north  and  east,  40  feet  east  to 
center  of  bridge  over  small  stream,  35  feet  south  to 

gate  and  second  class  road  to  southeast,  40  44  42.0  79  54  04.8 

Two  story  white  house  and  barn  with  cupola,  500  feet 
south  of;  forks  of  road  northeast  and  second  class 

road  to  north,  10  feet  east  to  board  fence,  40  43  44.8  79  54  56.9 

Glade  Mills,  junction  of  plank  road  and  public  road 
to  southeast,  20  feet  south  to  northeast  corner  of  old 
mill,  50  feet  northwest  to  corner  of  store  and  post 

office 40  43  28.1  79  55  28.4 

Glade  Mills,  0.5  mile  north  of;  T road  northeast  at  toll 
gate,  20  feet  east  to  corner  of  toll  house,  40  feet 

north  to  corner  of  yard  fence,  40  43  45.8  79  55  24.9 

Glade  Mills,  1.6  miles  northwest  of;  4 corners  800  feet 
east  of  church,  center  of  triangle;  30  feet  southwest 
to  signboard,  40  feet  southeast  to  tree  in  front  yard,  40  44  17.9 


79  56  40.6 
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Stations.  Latitude.  Longitude. 

O f ff  O / /r 

Gallery  station,  3.0  miles  east  of;  4 corners  near  trolley 
road  crossing,  10  feet  south  to  telephone  pole  and  sign 


Pittsburg  24  miles,  80  feet  northwest  to  sign  Browns- 

dale  2.5  miles,  etc.,  40  feet  east  to  oak 40  44  28.6  79  58  21.7 

Gallery,  2.2  miles  east  of  station;  forks  at  top  of  hill, 
roads  west  and  southwest,  25  feet  northwest  to  pole 

gate  painted  1145 40  44  28.5  79  59  33.5 


Declination,  north  border,  3°  53'  West. 


ZELIENOPLE  QUADRANGLE. 

GEOGRAPHIG  POSITIONS  ALONG  HIGHWAYS  NEAR  NORTH  BORDER 

OP  QUADRANGLE. 


Stations. 


Latitude. 


McGaslin,  0.8  mile  east  of;  4 corners,  70  feet  north  to 

oak,  20  feet  southwest  to  mailbox  painted  1104 

McGaslin,  1.5  miles  southwest  of;  T road  north,  center 

of  small  grass  triangle 

Public  T road  to  South,  15  feet  southwest  to  J.  A. 

Book’s  mailbox 

Slippery  Rock  creek,  600  feet  west  of;  T road  to  west, 

J.  M.  Gurdy’s  mailbox 

Slippery  Rock  Greek  bridge,  0.25  miie  west  of;  4 cor- 
ners- near  pumping  station.  50  feet  northeast  to  a 
three  pronged  fir  tree,  25  feet  southeast  to  J.  E.  Forks 

mailbox 

Grantboro,  4 corners  at  schoolhouse  and  store,  40  feet 
southwest  to  northeast  corner  of  store,  90  feet  east 

to  large  oak  tree,  

Grantboro,  0.9  mile  east  of;  T road  east,  center  of 

north  and  south  road,  40  feet  north  to  oak  tree 

Grantboro,  1.6  miles  east  of;  T road  south,  center  of 
east  and  west  road,  30  feet  southwest  to  oak  tree  and 

sign,  Portersfield  5 miles 

Grantsbo'io,  2.1  miles  east  of;  T road  to  west,  oak  tree, 
Jacksville,  1 mile  south  of;  in  forks  of  road,  at  south- 
west corner  of  schoolhouse  No.  6,  Worth  township, 
Butler  county,  iron  post  stamped  “Prim.  Trav.  Sta. 

No.  1,  1906,’’  

West  Liberty,  2.5  miles  west  of;  4 corners  20  feet 
northwest  to  signboards.  West  Liberty  2.5  miles, 
Rockville  4.5  miles;  Prospect  9 miles  and  Jacksville 

1 mile 

West  Liberty,  1.6  miles  west  of;  T road  north,  center 
of  triangle;  20  feet  northwest  to  signboard  Slippery 

Rock  5 miles,  

West  Liberty,  center  of  bridge  over  small  stream  50 
feet  east  of  forks  west  and  southwest 


41  00  48.9 
40  59  57.6 

40  59  58.1 

41  00  01.0 

40  59  27.7 

40  59  17.4 
40  59  17.3 

40  59  18.0 

40  59  19.0 

41  00  09.7 

41  00  27.1 

41  00  21.2 
41  00  22.7 


Longitude. 

O / // 

80  14  39.4 
80  14  38.2 
80  13  33.5 
80  11  19.9 


SO  11  27.1 

80  10  16.3 
80  09  16.4 

80  08  27.5 
so  07  39.8 

80  07  17.4 

80  05  45.1 

80  05  01.6 
80  03  15.9 


so 
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Stations. 


Latitude. 

Of  ff 


Longitude. 

Of  tf 


“A’est  Liberty,  0.75  mile  southeast  of;  4 corners  60  feet 
southeast  to  small  bridge,  GO  feet  northwest  to  oak 

tree  and  sign  Sunbury,  8 miles;  Butler  15  miles,  ....  41  00  09.3  80  02  42.5 

Vest  Liberty,  1.75  miles  southeast  of;  in  northwest 

corner  of  intersection  of  crossroads,  large  oak 40  59  13.0  80  01  23.6 

Elora,  0.7  mile  west  of;  T road  south,  20  feet  south  to 
oak  tree  and  sign  “Co.  bridge  2 miles,”  40  59  07.4  80  00  01.9 


GEOGRAPHIC  POSITIONS  ALONG  HIGHWAYS  NEAR  SOUTH  BORDER 

OF  QUADRANGLE. 


Stations. 


Latitude. 

Of  ff 


Longitude. 

Of  ft 


Zelienople,  3 miles  southeast  of;  3 corner  telephone 
road  north  and  south,  T road  west,  center  of  tri- 
angle, 15  feet  southwest  to  sign  Zelienople,  3 miles; 

40  feet  north  to  telephone  pole 40  45  13.7 

Schoolhouse,  0.5  mile  east  of;  forks  of  second  class 
road  to  south,  center  of  triangle,  line  between 

Beaver  and  Butler  counties 40  45  23.2 

Schoolhouse,  0.5  mile  west  of  Beaver-Butler  county 
line,  at  T road  to  east,  in  east  face  at  southeast 
corner  of  stone  foundation,  aluminum  tablet  stamped 
“Prim.  Trav.  Sta.  No.  10,  1906,”  40  45  22.2 


80  07  03.4 


80  09  12.9 


80  09  47.6 


GEOGRAPHIC  POSITIONS  ALONG  HIGHWAYS  NEAR  EAST  BORDER 

OP  QUADRANGLE. 


Stations. 


Latitude.  Longitude. 

O f tf  O t ft 


Petersville,  0.5  mile  south  of;  4 corners,  15  feet  south- 
east to  signboard,  40  feet  southwest  to  telephone 

pole 40  48  23.1 

Petersville,  1 mile  north  of;  T road  to  south  just  west 
of  church,  30  feet  west  to  telephone  pole  and  sign 
Harmony  9 mi.,  Evans  City  6 mi.,  Franklin  road  2 


mi.;  15  feet  north  to  corner  of  wire  fence,  40  50  02.8 

Little  Connoquenessing  creek,  center  of  bridge  over, 

500  feet  south  of  forks,  40  51  06.5 


Petersville,  4 miles  north  of;  2 miles  east  of  Whites 
town,  in  west  wall  at  southwest  corner  of  stone 
foundation  to  Martin  schoolhouse  No.  2,  Conoquenes- 
sing  to  township,  aluminumi  tablet  stamped  “Prim. 


Trav.  Sta.  No.  11,  1906,”  40  52  10.0 

Schoolhouse,  0.25  mile  north  of;  4 corners,  20  feet 
northwest  to  sign.  Oak  Spring  2 miles.  State  road  2 

miles;  30  feet  northeast  to  oak 40  52  21.6 

Mt.  Chestnut,  about  2 miles  west  of;  T road  to  E. , 

25  feet  southeast  to  sign  Mt.  Chestnut  2 mi.;  15  feet 
northwest  to  mailbox,  30  feet  northeast  to  telephone 
pole,  40  53  13.4 


80  00  54.1 

80  00  36.0 
80  00  51.8 

80  01  03.2 
80  01  04.4 

80  00  57.2 
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Stations. 


Latitude.  Longitude. 

O / f/  Off/ 


Prospect,  1.25  miles  east  of;  T road  south,  40  feet  west 
to  telephone  pole,  25  feet  southeast  to  telephone  pole, 

400  feet  west  to  T road  north 

Prospect,  2 miles  northeast  of;  4 corners  40  feet  south- 
west to  sign.  Prospect  2 mi.;  30  feet  east  to  mailbox, 
Schoolhouse,  0.6  mile  south  of;  4 corners,  20  feet 
southeast  to  oak,  30  feet  southwest  to  corner  rail 
fence 


40  54  18.5 
40  55  04.9 

40  55  23.4 


80  00  58.8 
80  01  07.0 


80  00  14.8 
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C. 


RESULTS  OF  SPIRIT  LEVELING  IN  PENNSYIN'ANIA  FOR 

THE  YEARS  190(107. 


The  readjustment  in  1903  of  the  precise-level  net  in  the  eastern 
portion  of  the  United  States  by  the  Coast  Survey  necessitated  a 
corresponding  readjustment  of  all  spirit-level  heights  of  the  United 
States  Geological  Survey  dependeni  Ihei’eon. 

All  results  of  leveling  in  Pennsylvania  published  prior  to  that 
time,  as  well  as  levels  not  previously  published  were  then  readjusted, 
rearranged  by  quadrangles  and  ])ublished  in  Pulletin  288  of  the 
United  States  Geological  Survey,  and  also  ]>ul>lished  in  the  last 
re])ort  of  this  Commission. 

The  elevations  are  arranged  according  to  the  degree  of  accuracy 
of  their  determination,  ])recise  and  primary.  The  former  are  de- 
termined by  lines  of  levels  run  either  in  both  forward  and  backward 
directions  or  by  simultaneous  double-rodded  lines,  a high-grade  in- 
strument being  used  and  special  i>recau1ions  being  taken  in  obser- 
vations and  reductions  to  correct  errors  and  make  the  line  contin- 
uously good  throughout.  The  latter  or  primary  levels  are  deter- 
mined with  the  Y level,  precautions  being  taken  against  only  the 
j)rinci[)al  errors  and  the  levels  being  run  mostly  in  circuits  of  single 
lines.  The  allowable  limil  of  error  observed  on  1he  precise  work 
already  done  by  the  Geological  Survey  in  this  Stale  is  represented 
in  feet  by  0.03  Ud  primary  work  by  0.0")  y^pj,  in 

which  I)  is  the  length  of  circuit  in  miles. 

The  bench  marks  are  of  two  general  forms.  First,  a circular 
bronze  or  aluminum  tablet  3-J-  inches  in  diametei-  and  one-fourth 
inch  thick,  api»ropriately  lettered,  having  a three-inch  stem  ce- 
mented into  a drill-hole,  generally  in  the  vertical  walls  of  public 
buildings,  bridge  abutments,  or  other  substantial  masonry  struct- 
ures. The  second  form,  employed  where  masonry  or  rock  is 
not  accessible,  consists  of  a hollow  wrought  iron  post  4 feet  in 
length  and  34  inches  in  outer  diameter,  s]>!it  at  the  bottom  and 
expanded  to  12  inches,  so  as  to  prevent  both  the  easy  subsidence 
of  the  post  and  its  being  maliciously  pulled  out  of  the  ground.  The 
iron  is  heavily  coated  with  asphalt,  and  over  the  top  of  the  post  is 
riveted  a bronze  tablet  similar  to  (hat  described  above. 
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The  numbers  stam])ed  ui)on  the  bench  marks  represent  the  ele- 
vations to  the  nearest  foot  above  mean  sea  level,  as  determined 
by  unadjusted  levels  in  the  lield.  They  have  been  subjected  to 
changes  resulting  from  the  adjustments  necessary  to  close  circuits 
and  to  those  resulting  from  reduction  to  mean  sea  level  through 
readjustment  of  the  precise-level  net  of  the  United  States.  In  some 
cases  the  finally  accepted  elevations  as  printed  herein  differ  from 
those  submitted  as  bench-mark  numbers  by  1 or  2 feet.  This  method 
of  numbering  bench  marks  has  been  adopted  where  many  levelmen 
are  Avorking  in  the  same  area  at  the  same  time,  as  less  liable  to 
lead  to  confusion  in  identification  of  bench  marks  than  any  attempt 
at  serial  numbering,  and  because  the  bench  mark  number  at  the 
same  time  gives  an  approximate  statement  of  the  elevation.  It 
is  assumed  that  engineers  and  others  finding  these  bench  marks  so 
stamped  in  the  field  will  communicate  with  the  Director  of  the 
United  States  Geological  Survey  in  order  to  obtain  the  accepted 
eleA'ation  to  hundredths  or  thousandths  of  a foot. 

Any  person  finding  bench  marks  mutilated  or  destroyed  will  con- 
fer a favor  by  notifying  the  Director,  United  States  Geological  Sur- 
vey, Washington,  D.  C. 
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I'ENNSYLVANIA. 


GETTYSBURG,  MIDDLETOWN  AND  TANEYTOWN  QUADRANG-LES. 

ADAMS,  DAUPHIN,  LEBANON,  LANCASTER  AND  YORK  COUNTIES. 

The  elevations  of  bencli  marks  on  the  Middletown  quadrangle  are 
based  upon  various  bench  marks  of  the  Pennsylvania  Railroad;  those 
on  the  Gettysburg  and  Taneytown  quadi’angle  are  based  upon  the 
elevations  of  the  U.  S.  Geological  Survey  bench  marks  at  Idaville 
and  York  Springs,  which  in  turn  are  based  uj)on  the  bench  mark 
of  the  Coast  and  Geodetic  Survey  precise  levels  at  Carlisle. 

The  leveling  was  done  in  1906  by  J.  II.  Wetzel,  levelman,  under 
the  direction  of  Mr.  R.  D.  Cummin,  topographer. 

Elevations  are  based  upon  the  1903  adjustment  and  standard 
bench  marks  are  stamped  ivith  figures  of  elevation. 


PENNSYLVANIA. 


MIDDLETOWN  QUADRANGLE. 

MIDDLETOWN  VIA  WALTONVILLE  AND  LAWN  TO  MT.  JOY.' 

Feet. 


Middletown,  on  railroad  bridge,  copper  bolt,  (R.  R.  B.  M.),  311.242 

Middletown,  southeast  wing  wall  stone  arch  bridge  of  P.  R.  R.  over 
Swatara  creek,  in  coping  stone,  aluminum  tablet  stamped  “311,”  ..  311.208 

Round  Top  Mill,  intersection  of  roads,  in  front  of  M.  S.  Baum’s 

residence,  in  large  boulder,  aluminum  tablet  stamped  “494,”  493.569 

Waltonville,  in  southwest  foundation  stone  of  Leander  Ridee’s  barn 

south  of  road,  aluminum  tablet  stamped  “766,”  766.227 

Bachmanville,  3 miles  west  of;  in  southeast  corner  of  foundation  of 

Benjamin  Coley’s  residence,  aluminum  tablet  stamped  “611,”  611.041 

Bachmanville,  in  southwest  corner  of  Martin  B.  Brant’s  brick  resi- 
dence, aluminum  tablet  stamped  “613,”  614.446 

Lawn  station,  in  northwest  corner  of  foundation  of  hotel,  aluminum 

tablet  stamped  “464,”  464.420 

Milton  Grove,  in  southeast  corner  of  foundation  of  hotel  of  C.  H. 

Wittie,  aluminum  tablet  stamped  “503,”  503.043 

Florin,  in  southeast  corner  of  foundation  of  Mrs.  Metzroth’s  hotel, 
primary  traverse  station  No.  3,  aluminum  tablet  stamped  “396,”...  395.977 

Marietta  Street  Bridge,  at  Mt.  Joy  (R.  R.  B.  M.),  360.282 
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COLUMBIA  ALONG  PENNSYLVANIA  RAILROAD  TO  HELLAM  THENCE 
ALONG  HIGHWAYS  TO  EMIGSVILLE. 


Feet. 


Columbia,  under  front  window  of  station  (R.  R.  B.  M.) 252.224 

Columbia,  300  feet  east  of  station;  on  stone  door  step  of  Columbia 
Grocery  Co.,  owned  by  Miller  and  Hartman,  aluminum  tablet 

stamped  “259,”  259.251 

West  end  of  south  side  of  track  of  stone  arch  bridge  No.  8 over  100 

feet  mill  race,  aluminum  tablet  stamped  “296,”  296.455 

Bridge  No.  11,  R.  R.  B.  M.,  326.370 

Hellam,  corner  of  Main  and  National  Broadway,  in  southeast  corner 
of  stone  foundation  of  John  Goble’s  stone  building,  aluminum  tablet 

stamped  “385,”  384.724 

Mt.  Zion,  in  northwest  corner  of  Mt.  Zion  Lutheran  & Reformed 

church,  aluminum  tablet  stamped  “770,”  770.639 

Emigsville,  on  bridge  No.  102,  copper  bolt,  R.  R.  B.  M 375.990 


The  following  tablets  were  set  from  bench  marks  of  the  Pennsylvania  railroad 


near  each  place  respectively. 

Elizabethtown,  in  third  tier  of  stone  from  bottom  of  southwest  wing 
wall  of  subway  at  Grafton  warehouse,  aluminum  tablet  stamped 

“457,”  457.376 

Conewago  Junction  station,  opposite,  in  large  boulder,  aluminum 

tablet  stamped  “441,”  441.248 

Bainbridge,  120  feet  east  of  station;  on  north  side  of  track,  in  ledge 

of  rock  in  cut,  aluminum  tablet  stamped  “273,”  272.709 

Falmouth  station,  in  southeast  cornerstone  of  bridge  spanning  Cone- 
wago creek,  aluminum  tablet  stamped  “292,”  292.146 

Emigsville,  500  feet  south  of  station;  in  southwest  abutment  of 

bridge  No.  102,  aluminum  tablet  stamped  “375,”  375.285 

Mt.  Wolf,  420  feet  southeast  of;  in  southeast  wing  wall  of  stone  arch 

bridge,  aluminum  tablet  stamped  “368,”  368.150 

Marietta,  in  northwest  corner  of  porch  at  entrance  to  railroad  house, 
aluminum  tablet  stamped  “261,”  260.672 


PENNSYLVANIA. 


GETTYSBURG  AND  TANEYTOWN  QUADRANGLES  ADA:MS 

COUNTY. 


GETTYSBURG  QUADRANGLE. 

IDAVILLE  SOUTH  ALONG  GETTYSBURG  AND  HARRISBURG  RAILROAD 

TO  ROUND  TOP. 

Feet. 

Bendersville,  0.6  mile  south  of,  in  north  end  of  east  abutment  of 


concrete  arch  bridge;  aluminum  tablet  stamped  “615,”  614.710 

Centerville,  0.7  mile  south  of,  in  west  end  of  south  abutment  con- 
crete railroad  bridge;  aluminum  tablet  stamped  “577,”  576.955 

Biglerville  station,  in  foundation  of  Reading  Dairy  Company  Build- 
ing, 500  feet  north  of  station;  aluminum  tablet  stamped  “652,”  652.010 
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Feet. 

Goldenville,  150  feet  west  of  station,  in  southeast  corner  of  founda- 
tion of  Milus  A.  Wilson’s  residence;  aluminum  tablet  stamped  “613,”  613.428 

Gettysburg-,  on  large  stone  at  left  side  of  entrance  to  courthouse; 

aluminum  tablet  stamped  “553,”  552.96'9 

Round  Top  station,  south  side  of  road  at  corner  of  Tipton  Park  and 
U.  S.  Battlefield,  in  large  boulder;  aluminum  tablet  stamped  “545,”  544.623 

ROUND  TOP  SOUTHEAST  ALONG  HIGHWAY  TO  LITTLESTOWN. 

Gettysburg,  5.0  miles  southeast  of,  north  side  of  street  at  Two  Tav- 
erns, in  southeast  corner  of  stone  residence  of  J.  J.  Epley;  alum- 
inum tablet  stamped  “510,”  510.314 

LITTLESTOWN  NORTHEAST  ALONG  PENNSYLVANIA  RAILROAD  TO 
McSHERRYSTOWN  THENCE  NORTHEAST  ALONG  WESTERN  MARY- 
LAND RAILROAD  TO  NEW  OXFORD  THENCE  ALONG  HIGHWAY  TO 
YORK  SPRINGS. 

Sells  station,  in  southwest  corner  of  Colvin  Good’s  residence;  alum- 
inum tablet  stamped  ”573,”  572.772 

McSherrystown,  corner  Main  and  Third  Sts.,  at  ladies  entrance  to 

Union  Hotel;  aluminum  tablet  stamped  “571,”  571.187 

Bettinger,  station  and  post-office;  southeast  corner  of;  aluminum 

tablet  stamped  ”529,”  528.842 

New  Oxford,  corner  of  Pitts  and  Boulon  Sts.,  northwest  corner  of 

Oxford  House;  aluminum  tablet  stamped  ”560,”  560.092 

Hampton,  northeast  corner  of  square,  in  southwest  corner  of  J.  P. 

Myers’  brick  house;  aluminum  tablet  stamped  “550,”  549.389 

Round  Hill,  in  northeast  corner  of  J.  H.  Evans’  brick  store;  alum- 
inum tablet  stamped  “564,”  563.777 

TANEYTOWN  QUADRANGLE. 

AT  LITTLESTOWN. 

Littlestown,  opposite  Catholic  Church,  on  South  Queen  St.,  in  north- 
west corner  of  Huff  Hotel;  bronze  tablet  stamped  “635,”  634.691 

PENNSYLVANIA. 


HANOVER  AND  YORK  QUADRANGLES. 

YORK  COUNTY. 

The  eleYation.s  in  the  following  list  are  based  u])on  the  11)03  ad- 
justment. Leveling  of  the  Pennsylvania  railroad  furnishes  the  main 
control. 

The  leveling  was  done  in  1007  under  Mr.  J.  H.  Wheat,  topogra- 
])her,  by  IMr.  II.  1).  Hilton. 

The  work  was  done  in  co-o]ieration  with  the  State  and  the  bench 
marks  are  stamped  with  the  State  name. 
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HANOVEK  QUADRANGLE. 

BENCH  MARKS  ALONG  NORTHERN  CENTRAL  BRANCH  PENNSYLVA- 
NIA RAILROAD. 

Feet. 

Brillhart,  door  step  of  station,  copper  bolt  R.  R.  B.  M.  No.  54,  410. 9G 

Brillhart,  in  northwest  doorsill  of  station;  aluminum  tablet  stamped 

“411,”  410.89.: 

Glatfelter,  120  feet  north  of,  east  center  of  arch,  copper  bolt,  R.  R.- 

B.  M.  No.  51 439.30 

Glatfelter,  225  feet  east  of  railroad  crossing,  in  north  west  wing 
wall  of  bridge  over  Cordorus  creek;  aluminum  tablet  stamped 

“439,”  438.949 

Larue,  150  feet  south  of,  south  center  coping  of  arch  bridge  78,  cop- 
per bolt  R.  R.  B.  M.  No.  46,  512.900 

Larue,  140  feet  east  of  station,  on  wmst  side  of  stone  arch  bridge  on 
N.  C.  R.  R.;  aluminum  tablet  stamped  “513,”  512.823 

YORK  QUADRANGLE. 

BENCH  MARKS  ALONG  NORTHERN  CENTRAL  BRANCH  OP  PENNSYL- 
VANIA RAILROAD. 

Milepost  59,  2,100  feet  north  of,  southwest  wdng  w’all  of  bridge  98,  R. 

R.  B.  M.  No.  62,  copper  bolt,  372.77 

Milepost  59,  2,100  feet  north  of,  in  southeast  abutment  of  bridge  98, 

aluminum  tablet  stamped  “372,”  372.401 

York,  doorstep  of  baggage  room,  R.  R.  B.  M.  No.  60,  copper  bolt,  ..  371.40 

York,  100  feet  west  of  Western  Maryland  station,  on  southwest  abut- 
ment of  wmgon  bridge  over  Codorus  creek;  aluminum  tablet 

stamped  “368,”  367. 68J 

Glen  Rock,  south  of,  R.  R.  B.  M.  43,  ISO  feet  south  of  milepost  42, 

northwest  back  W'all  of  bridge  74;  copper  bolt 548.140 

Glen  Rock,  180  feet  south  of  milepost  42,  northeast  w'ing  wall  of 

bridge  No.  74;  aluminum  tablet  stamped  “548,”  547.764 

Shrewsbury,  on  station  step,  R.  R.  B.  M.  40,  copper  bolt,  737.840 

Shrewsbury,  Traction  Hotel,  nortliwest  corner  of,  35  feet  east  of 
railroad;  aluminum  tablet  stamped  “741,”  741.088 

BENCH  MARKS  ALONG  YORK  BRANCH  PENNSYLVANIA  RAILROAD. 

Heistand,  overhead  bridge,  south  side,  projecting  bolt,  R.  R.  B. 

M.  No.  9,  441.26 

Heistand,  noithw’est  pier  of  overhead  bridge,  0.6  foot  from  ground; 

aluminum  tablet  stamped  “436,”  436.346 

Hellam,  1,250  feet  west  of  station,  northw'est  abutment  bridge  14, 

R.  R.  B.  M. ; copper  bolt 354.62 

Hellam,  1,250  feet  west  of  station,  on  northeast  abutment  of  bridge 
14;  aluminum  tablet  stamped  “354,”  354.307 

STONER  SOUTH  TO  YORKANA.  (SINGLE  SPUR  LINE.) 

Milepost  5,  1,126.7  feet  west  of,  in  southeast  abutment  of  bridge  12, 

R,  R.  B.  M.  No.  12;  copper  bolt ,..  326.370 

5 
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TOPOGRAPHIC  AND  GEOLOGIC  SURVEY. 


Feet. 

Yorkana,  east  end  of  at  crossroads,  road  running  north  to  Hellam 
station,  in  stone  at  entrance  to  residence  to  Wilton  Myers,  north- 
east corner  of  crossroads;  aluminum  tablet  stamped  “648,”  648.098 

STONER  ALONG  HIGHWAY  SOUTHEAST  TO  EAST  PROSPECT  THENCE 
SOUTH  TO  BITTERVILLE  THENCE  SOUTHWEST  TO  GLEN  ROCK. 

East  Prospect,  north  end  of,  in  east  end  of  foundation  of  school- 

house;  aluminum  tablet  stamped  “493,”  493.286 

Bittersville,  in  northeast  foundation  of  United  Evangelical  Church; 

aluminum  tablet  stamped  ”567,”  566.851 

Red  Lion,  in  front  of  station;  top  of  east  rail,  897.8 

Red  Lion,  125  feet  south  of  railroad,  in  stone  step  of  Myers  build- 
ing, southwest  corner  of;  aluminum  tablet  stamped  “911,”  910.800 

Dallastown,  on  summit  of  hill  at  cross  streets,  top  of  rail 928.0 

Rye,  in  southwest  foundation  of  house  of  C.  A.  Hess  at  crossroads; 

aluminum  tablet  stamped  “733,”  732.984 

Loganville,  in  southwest  corner  of  foundation  of  P.  O.;  aluminum 
tablet  stamped  “782,”  782.306 

SHREWSBURY  ALONG  HIGHWAY  EAST  TO  STEWARTSTOWN  THENCE 
NORTHEAST  TO  DOLF  THENCE  NORTH  TO  BITTERSVILLE. 

Sheffer,  at  road  crossing  near;  top  of  west  rail,  794.09 

Tolna  post  office,  in  stone  step  of  post  office  north  side  of  railroad; 

aluminum  tablet  stamped  “774,”  774.178 

Orwig,  in  front  of  station;  top  of  north  rail,  865.4 

Stewartstown  station,  top  of  south  rail 844.1 

Stewartstown,  in  stone  step  at  entrance  to  Methodist  Episcopal 
Church  on  Main  St.  and  College  Ave. ; aluminum  tablet  stamped 

“886,”  885.571 

Dolf,  in  soutlieast  corner  of  foundation  of  barn  owned  by  John  A. 

Wilson,  aluminum  tablet  stamped  “775,”  774.592 

Parke,  post-office,  1.5  miles  west  of,  in  northwest  corner  of  foun- 
dation of  Glessic  schoolhouse  at  crossroads;  aluminum  tablet 

stamped  “755,”  754. C02 

Keys,  100  feet  east  of  post-office,  in  northwest  foundation  of  barn 
owned  by  G.  B.  Murphy;  aluminum  tablet  stamped  “839,”  839.244 

rENNHYLVANIA. 


BEDFORD  AND  WINDBER  QUADRANGLES. 

BEDFORD  AND  SOMERSET  COUNTIES. 

The  elevations  in  tlie  folloiving  list  are  liased  upon  the  1903  ad- 
justment. Leveling  of  the  Pennsylvania  railroad  furnishes  the  initial 
control. 
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The  leveling  was  done  partly  in  1001  under  IMr.  A.  M.  ll'alker, 
topographer,  by  J.  B.  McGuire,  levelman,  and  in  1007  under  IMr.  J. 
H.  Wheat,  topographer,  by  Mr.  H.  D.  Hilton,  levelman. 

The  work  was  done  in  co-operation  with  the  State  and  the  standard 
bench  marks  are  stami)ed  with  the  State  name. 

BEDFORD  QUADRANGLE. 

BENCH  MARKS  ALONG  PENNSYLVANIA  RAILROAD  BEDFORD  TO 

MANN’S  CHOICE. 

Feet. 

R.  R.  B.  M.  No.  20,  Bedford,  capstone  of  pier,  southeast  corner  of 

freight  station,  chiseled  square,  1,060.150 

Bedford,  in  northwest  abutment  of  wagon  bridge  over  river  250  feet 

south  of  railroad;  aluminum  tablet  stamped  “1064,”  1,064.002 

Wolfsburg,  500  feet  south  of  station,  east  end  of  box  culvert;  R. 

R.  B.  M.  No.  18;  copper  bolt,  1,096.92 

Wolfsburg,  west  end  of,  in  northwest  foundation  of  sclioolhouse; 

aluminum  tablet  stamped  “1122,”  1,122.133 

Napier  Station,  0.7  mile  from,  on  rock,  copper  bolt,  R.  R.  B.  M. 

No.  17 1,095.63 

Napier,  350  feet  north  of  station,  northeast  abutment  of  bridge  No. 

7;  aluminum  tablet  stamped  “1106,”  1,104.815 

Napier,  in  front  of  station;  tox)  of  rail 1,108.9 

Mount  Dallas,  14.3  miles  from,  north  abutment,  east  end  of  coping, 

copper  bolt,  R.  R.  B.  M.  No.  16 1,116.73 

Mann  Choice,  R.  R.  B.  M.  15,  north  abutment  of  open  culvert,  cop- 
per bolt,  1,135.68 

Manns  Choice,  690  feet  south  of  station,  in  southeast  corner  of  foun- 
dation of  grist  mill;  aluminum  tablet  stamped  “1136,”  1,135.832 

ELTON  SOUTHEAST  TO  LOVELY  THENCE  NORTH  TO  PAVIA. 

Felix,  3.3  miles  north  of,  600  feet  east  of  Felix  road,  in  large  rock  on 

north  side  of  Barefoot  road;  aluminum  tablet  stamped  “2840,” 2,839.728 

Elton,  10.1  miles  east  of,  535  feet  west  of  intersection  of  Old  Johns- 
town road  with  road  to  Ijovely,  on  north  side  of  Barefoot  road, 

on  rock;  aluminum  tablet  stamped  “2015,”  2,014.737 

Lovely,  in  northwest  corner  of  stone  wall  of  building  used  as  post- 
office  at  southeast  corner  of  crossroads;  bronze  tabiet  stamped; 

“1314  PITTSBURG,”  1,312.901 

BEDFORD  NORTH  ALONG  HIGHWAY  TO  WEYANT  THENCE  WEST  TO 

LOVELY. 

Belden,  northeast  corner  of  crossroads,  in  large  round  stone  at  en- 
trance to  store;  aluminum  tablet  stamped  “1083,”  1,083.013 

Cessna,  road  crossing  at  station;  top  of  rail,  1,079.6 

Cessna,  930  feet  west  of  station,  on  northeast  abutment  of  bridge 

over  Dunning  Creek;  aluminum  tablet  stamped  “1077,”  1,076.931 

Fishertown,  in  front  of  station;  top  of  rail,  1,089.6 
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TOPOGRAPHIC  AND  GEOLOGIC  SURVEY. 


Feet. 

Reynoldsdale,  in  northwest  corner  of  foundation  of  post  office  100 
feet  south  of  railroad  station,  on  east  side  of  track;  aluminum  tab- 
let stamped  “1105,”  1,104.922 

Osterburg  station,  4,500  feet  west  of,  in  foundation  of  covered  bridge 
over  Bobbs  creek,  on  northwest  side  of  bridge,  6 feet  from  water; 

aluminum  tablet  stamped  “1144,”  1,143.892 

Weyant,  in  northwest  foundation  of  building  used  as  post  office; 
aluminum  tablet  stamped  “1256,”  1,256.351 


MANNS  CHOICE  WEST  ALONG  HIGHWAY  TO  COUNTY  LINE. 

Schellsburg,  in  building  used  as  post  office  at  crossroads,  northeast 

corner  of  step;  aluminum  tablet  stamped  “1259,”  1,258.772 

Fyan,  in  foundation  of  mill,  in  southeast  corner  of,  500  feet  north 
of  Pittsburg  and  Baltimore  pike;  aluminum  tablet  stamped  “1399,”  1,399.031 

FROM  COUNTY  LINE  4 MILES  WEST  OF  FYAN  NORTHEAST  ALONG 


HIGHWAY  TO  B.  M.  4 MILES  NORTH  OF  FELIX. 

Daley,  in  step  of  building  used  as  store,  northeast  corner  of  cross- 
roads; aluminum  tablet  stamjDed  “2617,”  2,616.723 

Daley,  3.3  miles  north  of,  at  old  log  house  in  field  and  small  build- 
ings along  road,  east  side  of  road,  in  large  rock;  aluminum  tablet 

stamped  “2560,”  2,560.247 

Crumb,  1.1  mile  north  of,  240  feet  north  of  intersection  opposite 
spruce  tree,  west  side  of  road,  in  large  stone;  aluminum  tablet 

stamped  “2507,”  2,506.637 

Felix,  in  foundation  of  building  used  as  post  office,  in  southeast  cor- 
ner of;  aluminum  tablet  stamped  “2326,”  2,325.571 


WINDBER  QUADRANGLE. 

AT  CROSSROADS  4 MILES  WEST  OF  FYAN. 

Fyan,  4 miles  west  of,  at  northeast  corner  of  crossroads,  on  Alle- 
gheny Mountain,  in  large  rock;  aluminum  tablet  stamped  “2594,”..  2,593.468 

PENNiSYLVANIA. 


BROOKVILLE  AND  SMICKSBURG  QUADRANGLE. 

ARMSTRONG,  CLARION,  INDIANA  AND  JEFFERSON  COUNTIES. 

The  elevations  in  the  following  list  are  jiartly  recojiied  from  Bul- 
letin 2S8,  ])ages  35  and  3h,  based  iu>on  the  1003  adjustment  of  pre- 
vise leveling.  The  republished  work  on  Smivksburg  quadrangle  was 
done  in  1002  under  5fr.  Frank  Sutton,  geographer,  by  iMr.  Tra  N. 
Flocker,  levelman,  and  the  new  work  in  1000-7  under  Mr.  Robert 
I).  Cummin  and  i\Ir.  W.  O.  Tufts,  topogra])hei-s,  respectively  by 
J\lessrs,  J.  H.  Wetzel  and  II.  I),  Hilton  respectively,  The  republished 
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work  on  Brookville  quadrangle  vas  done  in  l!M)o  nnder  ?ilr.  \V.  T. 
Griswold,  topographer,  by  Mr.  I>.  J.  Green,  level  man,  and  the  new 
woi’k  \vas  done  in  1007  nnder  ^Ir.  Tufts  by  ]\Ir.  llillon. 

SMICKSBURG  QUADRANGLE. 

VALIER,  ALONG  PENNSYLVANIA  AND  NORTHWESTERN  RAILROAD, 

TO  DAYTON. 

Feet. 

Valier,  road  crossing';  top  of  rail,  1,225 

Hamilton,  road  crossing,  top  of  rail 1,190 

Hamilton,  60  feet  'west  of,  5 feet  south  of  track,  in  top  of  large  rock, 

aluminum  tablet  stamped  “IISS  PITTSBURG,”  1,187.015 

Loop,  0.25  mile  west  of,  high  bridge  over  Mahoning  Creek,  in  south 
end  of  east  abutment;  aluminum  tablet  stamped  “1183  PITTS.,”...  1,182.458 

Goodville,  crossing  at  station;  top  of  rail 1,215 

Dayton,  900  feet  west  of  station,  northwest  wing  wall  of  Buffalo, 

Rochester  and  Pittsburg  Raiiroad  bridge  over  small  stream,  on 

second  coping  stone;  aluminum  tablet  stamped  “1326  PITTSBURG,”  1,326.118 

DAYTON  SOUTHEAST  ALONG  HIGHWAYS  TO  MARION  CENTER  THEN 
SOUTH  ALONG  THE  BUFFALO,  ROCHESTER  AND  PITTSBURG  RAIL- 
ROAD TO  HOME  STATION  THENCE  BY  HIGHWAYS  TO  GAIBLETON. 

Dayton,  3 miles  south  of,  500  feet  south  of  crossroads,  in  foundation 
of  W.  R.  Spur  house,  at  end  of  east  side  of;  aluminum  tablet 

stamped  “1365  ADJ  1903,”  1,365.408 

Barnards,  2 miles  south  of,  in  southeast  corner  of  foundation  of 
Dunkards  church;  aluminum  tablet  stamped  “1219  ADJ  1903,”  ....  1,220.292 

Plumville,  at  schoolhouse,  in  northeast  wing  wall  of  iron  wagon 

bridge;  aluminum  tablet  stamped  “1168  ADJ  1903,”  1,169.359 

Ambrose,  in  northeast  corner  of  foundation  of  D.  R,  Lewis’  store 

building;  aluminum  tablet  stamped  “1161  ADJ  1903,”  1,162.566 

Marion  Center,  960  feet  north  of  station,  on  east  side  of  southeast 
abutment  of  bridge  over  stream;  aluminum  tablet  stamped  “1259 

ADJ  1903,”  1,260.190 

Marion  Center,  in  front  of  station;  top  of  rail 1,259.0 

Home  station,  in  front  of;  top  of  raii 1,197.2 

HAMILTON  SOUTH  ALONG  HIGHWAYS  TO  MARION  CENTER.  (ONE 
FOOT  ADJUSTMENT  IS  THROWN  AT  END  OF  THIS  LINE.) 

Cavode,  in  west  foundation  wali  of  Neff  & Warushuis  store  building; 

aluminum  tablet  stamped  “1531  ADJ  1903,”  1,531.159 

Hamil,  in  southwest  wing  wall  of  iron  bridge  spanning  Little  Ma- 
honing Creek;  aluminum  tablet  stamped  “1225  ADJ  1903,”  1,225.599 

Hamil,  road  crossing  at  station;  top  of  west  rail,  1,250 

HAMILTON  NORTHWEST  ALONG  HIGHWAYS  TO  SPRANKLES  MILLS. 

Grange,  400  feet  north  of  post  office,  in  east  side  of  southeast  corner 
of  barn  foundation  owned  by  L.  V.  Means;  aluminum  tablet 
stamped  “1713  ADJ,”  1,712.88:1 


62 


topographic  and  geologic  survey. 


BROOKVILLB  QUADRANGLE. 

HOLDEN,  SOUTHEAST  ALONG  PITTSBURG,  SUMMERVILLE  AND 
CLARION  RAILROAD,  TO  SUMMERVILLE  THENCE  SOUTHWEST 
ALONG  PENNSYLVANIA  RAILROAD  (LOW  GRAD'E  DIVISION)  TO  MAY- 


PORT.  (MEAN  OF  TWO  LINES.) 

Feet. 

Holden,  1.2  miles  southeast  of,  on  east  end  of  south  abutment  of 
small  bridge  just  south  of  private  crossing  (county  road  75  feet 

east  of);  aluminum  tabiet  stamped  “1433  ADJ  1903,”  1,432.33S 

Summerville,  on  northwest  corner  of  railroad  bridge  over  Redbank 

Creek;  aluminum  tablet  stamped  “1160  ADJ  1903,”  1,159.890 

Heathville,  in  coping  at  west  end  of  north  abutment  of  bridge  No.  51, 
over  Beaver  Run;  aluminum  tablet  stamped  “1158  ADJ  1903,”  ....  1,157.456 

Heathville,  0.7  mile  southwest  of,  in  coping  at  northwest  corner  of 
north  abutment  of  bridge  No.  52  over  Redbank  Creek;  railroad; 

bench  mark  1,154.69 1,153.994 

Pattons  Station  post  office,  in  north  pier  of  water  tank;  copper  bolt 

stamped  “1137.255,”  1,136.554 

Mayport,  (New  Mayville  post  office),  1 mile  east  of,  in  north  coping 
of  stone  arch  bridge  over  run  and  road;  aluminum  tablet  stamped 
“1108  ADJ  1903,”  1,106.892 


SPRANKLES  MILLS  NORTHWEST  ALONG  HIGHWAYS  TO  PATTONS 


STATION. 

Sprankles  Mills,  west  end  of,  in  foundation  of  house  owned  by  Wm. 

Eisenhart  Estate,  opposite  to  store,  in  east  side  of  at  southeast 

corner;  aluminum  tablet  stamped  “1271  ADJ  1903,”  1,271.334 

Worthville,  northwest  end  of,  in  second  step  of  S.  W.  Geist  store, 
west  side  of  southwest  corner;  aluminum  tablet  stamped  “1193  ADJ 

1903,”  1,192.681 

Langville,  100  feet  west  of,  5 feet  west  of  T roads,  in  top  of  large 
rock;  aluminum  tablet  stamped  “1200  ADJ  1903,”  1,199.594 


PENNSYLVANIA. 


FOXBURG  QUADRANGLE. 

ARMSTRONG,  BUTLER  AND  CLARION  COUNTIES. 

Tlie  eleviitions  in  llie  followiiio-  lists  are  based  ii])Oii  a precise 
level  line  of  the  TJ.  S.  Geoloo-ical  Survey  Franklin  to  Pittsburg  and 
llie  1903  adju.stineiit. 

Elevations  along  the  precise  line  on  this  quadrangle  are  found  in 
the  V.  S.  Geological  Survey,  Pulletin  No.  2S8,  pages  12  and  13. 

The  leveling  on  the  north  half  of  this  quadrangle  was  done  in  1905 
under  (he  direction  of  IMr.  W.  T.  Griswold,  topogra])her,  by  Mr. 
P.  J.  Green,  levelinan.  All  standard  bench  marks  are  stamped 
“ADJ  1903’’  in  addition  to  the  figures  of  elevation.  That  of  the 
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south  half  was  done  in  1900  under  the  direction  of  Mr.  K.  1).  Cum- 
min, topographer,  by  Mr.  J.  H.  Wetzel,  levelman ; all  standard  bench 
marks  are  stamped  with  the  tigures  of  elevation  to  the  nearest  foot. 

FOXBURG  QUADRANGLE. 

PARKER,  NORTHEAST  ALONG  BALTIMORE  AND  OHIO  RAILROAD 
(NARROW  GAUGE).  TO  SHIPPENVILLE. 

Feet. 

Foxburg,  in  stone  door  sill  of  baggage  room  at  Pennsylvania  sta- 
tion; copper,  892.544 

Roxburg,  in  east  wall  near  entrance  to  “The  Inn,”  opposite  station; 

aluminum  tablet  stamped  “885  ADJ  1903,”  884.491 

Richmond,  (Alum  Rock  P.  O.),  opposite,  in  door  .step  of  hotel  build- 
ing; bronze  tablet  stamped  “1190  ADJ  1903,”  1,190.389 

Blairs  Corners,  1,000  feet  east  of;  bridge  over  Beaver  Run,  north  end 
of  west  abutment,  by  flouring  mill;  bronze  tablet  stamped  “1157 

ADJ  1903,”  1,156.826 

Knox,  at  southeast  corner  of  Main  and  State  streets,  in  foundation 
wall  at  northeast  corner  of  B.  A.  Kribbs  & Co.’s  brick  building; 
aluminum  tablet  stamped  “1382  ADJ  1903,”  1,381.839 

PARKERS  I..ANDING  NORTHEAST  TO  CALLENSBURG  THENCE  SOUTH- 
EAST VIA  TOBY  TO  CHERRY  RUN. 

Freedom,  wagon  bridge  at  south  end  of;  southeast  wing  wall  of; 

aluminum  tablet  stamped  “1262,”  1,262.005 

Callensburg,  0.5  mile  southwest  of;  in  southeast  corner  of  Prospect 

sclioolhouse  foundation,  aluminum  tablet  stamped  “1069,”  1,068.685 

Toby,  post  office,  iron  wagon  bridge  spanning  Cherry  Run,  in 

northwest  bridge  seat;  aluminum  tablet  stamped  “1147,”  1,146.724 

Cherry  Run  (Hurley  P.  O.),  in  store  building  and  station;  bronze 
tablet  stamped  “1241,”  1,240.605 

PARKERS  LANDING  SOUTHWEST  VIA  BRUIN  TO  PETROLIA  THENCE 
EAST  TO  FREDERICKSBURG  THENCE  NORTH  TO  WEST  MONTEREY. 

Stonehouse  station,  500  feet  northeast  of;  east  side  of  track,  in  large 

boulder,  aluminum  tablet  stamped  “1055,”  1,055.388 

Bruin,  in  southeast  wing  wall  of  iron  wagon  bridge  over  Little  Bear 

Creek,  aluminum  tablet  stamped  “1092,”  1,091.846 

Petrolia,  southwest  corner  of  foundation  of  residence  of  Mrs.  Mary 

Duffy,  aluminum  tablet  stamped  “1264,”  1,263.723 

Fredericksburg,  in  northeast  corner  of  stone  foundation  of  Mrs. 

Margaret  Shakeley’s  residence,  aluminum  tablet  stamped  “1299,”  ..  1,299.092 
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BUTLER,  NEW  CASTLE  AND  ZELIENOPLE  QUADRANGLES. 

BEAVER,  BUTLER  AND  LAWIiENCE'  COUNTIES. 

The  elevations  in  the  following  list  are  based  ui)on  the  1907  adjust- 
ment of  precise  leveling. 

The  descriptions  of  bench  marks  on  New  Castle  (jnadrangle  are 
reco])ied  from  JLdletin  2S8,  ]*age  40,  with  corrected  elevations;  the 
work  on  Butler  and  Zelieuo]>le  quadrangles  are  based  upon  bench 
marks  at  Bartley,  Chicora  and  Dowideville,  described  in  same  bulle- 
tin, ]>ages  40  and  40.  The  bulletin  elevati()iis  for  Bartley  and  Down- 
ieville  were  decreased  0.2  foot  to  agree  with  lOtlT  adjustment  of  the 
B.  & O.  ])iecise  level  line.  No  B.  & O.  bench  marks  were  found  on 
Zelienople  (jnadriuigle  and  on  account  of  nearly  1 fo(»t  error  in 
circuit  Harmony  via.  Frisco  and  Prositect  a,  connection  shonld  be 
made  in  lOOS  from  Frisco  west  to  some  B.  O.  Ixuicli  mark. 

The  leveling  on  New  Castle  quadrangle  was  done  in  1001  under 
Mr.  Frank  Sutton,  geogra])hei',  by  ]Mr.  Ira.  jM.  Flocker,  levelman, 
exce])t  at  Fi-isco.  The  leveling  at  Frisco  and  on  Bntler  and  Zeilen- 
o])le  (piadraugles  was  done  in  1007  under  W.  O.  Tnl'ts,  topograjthei’, 
by  IMr.  C.  B.  Burns,  levelman. 

BUTLER  QUADRANGLE. 

BARTLEY  NORTH  ALONG  PITTSBURG,  BESSEMER  AND  LAKE  ERIE 
RAILROAD  TO  BUTLER  THENCE  NORTHEAST  ALONG  BALTIMORE 


AND  OHIO  R.A.ILROAD  TO  CHICORA. 

Feet. 

VA^est  SaxonliuTg-,  in  front  of  station;  top  of  rail 1,140.2 

West  Saxonl.)iirg-,  0.17  mile  north  of,  west  side  of  railroad,  40  feet 
center  of  track,  in  sandstone  outcrop;  aluminum  tablet  stamped 

“1145  ADJ  1903,”  1,144.612 

Rockdale,  in  sandstone  abutment  of  liridge  over  county  road;  alum- 
inum tablet  stamped  “1056  ADJ  1903,”  1,056.263 

McBride,  road  cros.sing;  top  of  rail 952 

McBride,  0.57  miles  north  of,  60  feet  from  center  of  track,  on  west 
side  of  railroad,  in  sandstone  wing'  wall  of  county  bridge;  alum- 
inum tablet  stamped  “985  ADJ  1903,”  984.987 

Odel,  on  east  side  of  railroad,  in  sandstone  outcrop;  aluminum  tab- 
let stamped  “1016  ADJ  1903,”  1,015.851 

Butler,  Butler  County  National  Bank,  at  entrance  at  northeast  cor- 
ner of  building,  in  sandstone  pillar;  aluminum  tablet  stamped 

“1077  ADJ  1903,”  1,077.080 

East  Butler,  0.21  mile  north  of;  60  feet  west  of  Baltimore  and  Ohio 
railroad,  in  sandstone  abutment  of  plat  girder  bridge  of  Buffalo, 

Rochester  and  Pittsburg  railroad;  aluminum  tablet  stamped  “1028 

ADJ  1903,”  1,028.025 
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Carbon  Center,  1.26  miles  north  of,  northwest  corner  of  railroad 
bridge,  in  sandstone  abutment;  aluminum  tablet  stamped  “1123 

ADJ  1903,’’  1,122.461 

North  Oakland,  road  crossing;  top  of  rail 1,326 

BUTEER  SOUTHEAST  ALONG  PENNSYLVANIA  R.  R.  TO  BRINKER 

STATION. 

Brinker,  road  crossing  at  station;  top  of  rail,  1,232.0 

Blinker  station,  300  feet  east  of  station,  south  side  of  road,  in  sand- 
stone culvert;  aluminum  tablet  stamped  “1232  ADJ  1903,”  1,231.949 

BUTLER  NORTHWEST  ALONG  PITTSBURG,  BESSEMER  AND  LAKE 
ERIE  RAILROAD  TO  QUEEN  JUNCTION. 

Butler,  3.48  miles  north  of,  in  concrete  abutment  of  railroad  bridge, 
southeast  corner  of  bridge;  aluminum  tablet  stamped  “1021  ADJ 

1903,”  1,021.302 

Oneida,  road  crossing;  top  of  rail 1,030 

Oneida,  1.9  miles  north  of,  in  northeast  corner  of  railroad  bridge 

abutment;  aluminum  tablet  stamped  “1110  ADJ  1903,”  1,109.409 

Jamisonville,  in  front  of  station;  top  of  rail 1,169.2 

Queen  Junction,  at  junction  of  Bessemer  and  Western  Allegheny 
railroads,  in  concrete  bridge  abutment  railroad  bridge;  aluminum 
tablet  stamped  “1226  ADJ  1903,”  1,225.945 

ZELIENOPDE  QUADRANGLE. 

DOWNIEVILLE  NORTHWEST  ALONG  BALTIMORE  AND  OHIO  RAIL- 
ROAD TO  FRISCO. 

(B.  & O.  bench  marks  were  destroyed  on  this  route  and  a connection  should 
be  obtained  in  1908  with  Ell  wood  City  B.  Ms.  of  B.  & O.  R.  R.) 

Callery  Junction,  street  crossing;  top  of  rail,  974.8 

Calery  Junction,  0.75  mile  west  of,  north  side  of  railroad,  in  concrete 
abutment  of  trolley  bridge;  aluminum  tablet  stamped  “988  ADJ 

1903,”  988.061 

Evans  City,  70  feet  east  of  station,  north  side  of  railroad,  in  sand- 
stone abutment  of  county  bridge;  aluminum  tablet  stamped  “939 

ADJ  1903,”  939.159 

Harmony,  in  sandstone  door  stoop  to  High  School  building;  alum- 
inum tablet  stam.ped  “925  ADJ  1903,”  925.444 

Zelienople,  at  road  crossing;  top  of  rail 908 

Old  Furnace,  0.39  mile  west  of,  southeast  corner  of  railroad  bridge, 
in  sandstone  abutment;  aluminum  tablet  stamped  “896  ADJ  1903,”  895.694 

Fombell,  road  crossing ■ 886 

Gohering,  road  crossing;  top  of  rail 875 

Celia,  northwest  corner  of  bridge,  in  concrete  mud  wall;  aluminum 

tablet  stamped  “875  ADJ  1903,”  874.831 

Hazen,  road  crossing;  top  of  rail 869 

McKimms,  road  crossing;  top  of  rail 866 

North  Sweekley,  in  front;  top  of  rail 885 
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HARMONY  NORTH  ALONG  HIGHWAYS  TO  ISLE,  THENCE'  EAST  ALONG 
RAILROAD  TO  QUEEN  JUNCTION. 

Feet. 

Whitestown,  5.47  miles  south  of,  in  sandstone  wing  wall  of  county 
bridge,  northwest  end  of  bridge;  aluminum  tablet  stamped  “938 

ADJ  1903,”  938.147 

Whitestown,  1.71  miles  south  of,  at  sharp  bend,  30  feet  center  of 
road,  west  side  of  road,  in  stone  outcrop;  aluminum  tablet 

stamped  “1206  ADJ  1903,”  1,206.479 

Prospect,  in  sandstone  door  stoop  to  public  school  building;  alum- 
inum tablet  stamped  “1369  ADJ  1903,”  1,369.148 

Isle,  in  foundation  of  private  house  owned  by  E.  A.  Watson,  stone 
foundation;  aluminum  tablet  stamped  “1189  ADJ  1903,”  1,189.129 

FRISCO  NORTHEAST  ALONG  HIGHWAYS  TO  PROSPECT. 

ONE  FOOT  ADJUSTMENT  THROWN  AT  BEGINNING  OF  THIS  LINE. 

Wortemburg,  north  end  of,  at  county  bridge  over  Slippery  Creek,  in 

sandstone  abutment;  aluminum  tablet  stamped  “851  ADJ  1903,”  850.231 

Wortemburg,  3.20  miles  north  of,  100  feet  from  center  of  road,  on 
west  side  of  road,  in  sandstone  foundation  of  large  barn;  alum- 
inum tablet  stamped  “1278  ADJ  1903,”  1,277.486 

Wortemburg,  5.6  miles  north  of,  50  feet  west  of  road  at  road  fork  on 
east,  in  sandstone  foundation  at  private  house;  aluminum  tablet 

stamped  “1321  ADJ  1903,”  1,320.452 

Portersville,  in  front  of  Kennedy  Hotel,  in  large  round  sandstone; 

alumJnum  tablet  stamped  “1381  ADJ  1903,”  1,380.560 

Portersville,  2.83  miles  east  of,  road  fork  on  north,  in  front  of  Oak 
Grove  schoolhouse,  in  sandstone  boulder;  aluminum  tablet 
stamped  “1403  ADJ  1903,”  1,402.449 

PORTERSVILLE  ALONG  HIGHWAYS  TO  POINT  2.8  MILES  NORTHWEST 
OP  PORTERSVILLE  AND  RETURN. 

Portersville,  2.83  miles  northwest  of,  on  east  side  of  road;  in  sand- 
stone boulder;  aluminum  tablet  stamped  “1191  ADJ  1903,”  1,190.324 

NEW  CASTLE  QUADRANGLE. 

AT  FRISCO. 

Frisco,  0.25  mile  west  of,  in  northeast  corner  of  railroad  bridge,  in 
sandstone  mud  wall  "at  east  end  of  tunnel;  aluminum  tablet 

stamped  “894  ADJ  1903,”  893.726 

Frisco,  at  road  crossing;  top  of  rail,  892 

NEW  GALILEE,  SOUTHWEST  ALONG  RAILROAD  TO  DARLINGTON  AND 

RETURN. 

New  Galilee,  northeast  corner  of  east  back  wall  of  bridge  No.  42, 
bench  mark  No.  2116  (Pittsburg,  Fort  Wayne  and  Chicago  railroad 
precise  levels) 959.265 
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Feet. 

New  Galilee,  1 mile  southwest  of,  Pittsburg,  Lisbon  and  Western 
R.  R.  bridge  over  Little  Beaver,  northeast  corner  of  south  abut- 
ment,   930.92,1 

Earlington,  at  intersection  of  Market  and  Second  streets,  in  front 
of  Darlington  Hotel,  on  top  of  stone,  bronze  tablet  stamped  ‘‘912.5 
PITTSBURG  1901,”  911.777 

AT  BEAVER  PALLS. 

Beaver  Falls,  bench  mark  1596  (Pittsburg,  Fort  Wayne  and  Chicago 

R.  R.  precise  levels) 789.374 

Beaver  Falls,  Pittsburg,  Fort  Wayne  and  Chicago  R.  R.  bridge  over 
Eleventh  street,  west  end  of  south  abutment,  in  coping  stone; 
aluminum  tablet  stamped  ‘‘789.8  PITTSBURG  1901,”  789.485 

ENON  NORTH  ALONG  HIGHWAY  VIA  MOUNT  JACKSON  TO  NEW- 

CASTLE THENCE  SOUTHEAST  ALONG  PITTSBURG  AND  LAKE  ERIE 
RAILROAD  VIA  WAMPUM  TO  HOMEWOOD. 

Enon,  bench  mark  2385,  Pittsburg,  Fort  Wayne  and  Chicago  R.  R. 

precise  levels 995.149 

Enon,  400  feet  south  of  railroad  tracks  on  Main  St.,  in  top  of  county 

line  stone;  bronze  tablet  stamped  ‘‘1013.4  PITTSBURG  1901,”  1,012.701 

Mount  Jackson,  at  post  office,  60  feet  north  of  street  intersection,  in 
side  of  square  stone  hitching  post;  bronze  tablet  stamped  ‘‘1165 

PITTSBURG,”  1,164.301 

Mahoningtown,  highway  bridge  over  the  Mahoning,  on  wing  wall 
of  south  abutment  (nearest  Pittsburg,  Youngstown  and  Ashtabula 

R.  R.  track);  seat  cut  in  corner  of 785.527 

Mahoningtown,  in  front  of  station,  Pittsburg,  Lake  Erie  south- 
bound track;  north  rail 779.1 

Newcastle,  in  front  of  station;  top  of  rail 806 

Wampum,  in  front  of  station;  top  of  rail 802.8 

Wampum,  500  feet  south  of  station,  northeast  corner  of  arch  bridge 
over  Wampum  Run,  on  coping  stone;  aluminum  tablet  stamped 

‘‘S04.7  PITTSBURG,”  804.200 

Homewood,  bench  mark  1840,  (Pittsburg,  Fort  Wayne  and  Chicago 
R.  R.  precise  levels) 949.950 
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OOMPLET]]])  TOPOORAITILC  MAPS. 


The  annexed  table  i-epresent.s  the  completed  surveys.  Of  these  112 
are  published,  and  can  be  had  from  the  Fnited  States  Geological 
Survey,  and  the  others  are  in  course  of  publication  and  will  soon  be 
issued. 

There  is  also  some  incompleted  to])Ogra])hic  work  from  last  year, 
which  will  be  comideted,  and  some  woi'k  com])leted  in  Ihe  way  of 
“overrun,”  in  skeching  in  tlu'  details  along  the  lines  of  the  (piad- 
rangles. 
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’^Chester  and  Philadelphia  sheets,  on  scale  of  1:112,500,  liave  been  reduced,  and  form  parts  of 
Camden  sheet,  on  scale  of  1:135,000. 

tPhiladelphia  and  vicinity  sheet  includes  Chester,  Germantown,  Norristown  and  Philadel- 
phia sheets. 
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Quadrangle. 
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(Philadelphia  and  vicinity  sheet  includes  Chester,  Germantown, 
phia  sheets. 
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Quadrangle.  Area  mapped. 
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♦Chester  and  Philadelphia  sheets,  on  scale  of  1:02,500,  have  been  reduced,  and  form  parts  of 
Camden  sheet,  on  scale  of  1:125,000. 

tPhiladelphia  and  vicinity  sheet  includes  Chester,  Germantown,  Norristown  and  Philadel- 
phia sheets. 
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PKEFACE  TO  PKOGRESS  REPORT. 


The  following  preliiniiiarj'  report  of  progress  has  been  prepared 
at  the  request  of  the  Topographic  and  Geologic  Survej-  ( 'ommission. 
It  attempts  to  give  a brief  summary  of  the  geologic  results  of  all 
of  the  work  done  under  the  direction  of  the  Commission  and  in 
co-operation  with  the  United  States  Geological  Survey  except  in 
four  quadrangles  at  the  northern  boundary  of  the  State.  It  covers 
not  only  the  work  upon  which  publications  have  already  been  issued 
by  the  Federal  Survey,  but  also,  so  far  as  possible,  all  of  the  work 
now  in  hand.  The  early  part  of  the  co-operative  geologic  work  was 
in  the  Pittsburg  coal  field  where  the  stratigraphy  was  well  under- 
stood. IMucli  of  the  more  recent  work  has  been  upon  the  Lower  Coal 
Measures  in  which  the  stratigrai>hic  problems  are  more  intricate, 
and  in  which  hundreds  of  recent  diamond  drill  records  are  availa- 
ble. These,  while  throwing  a vast  amount  of  light  on  the  strati- 
graphy of  the  Lower  Coal  Measures  have  also  revealed  a large  num- 
ber of  incongruities  in  the  former  conclusions  and  have  shown 
much  greater  variability  in  the  measures  than  had  heretofore  been 
suspected,  and  since  have  shown  the  real  difficulties  of  the  problem. 
For  these  reasons  the  satisfactory  completion  of  the  work  on  many 
of  the  later  quadrangles  has  been  much  delayed.  It  is  believed, 
however,  that  the  most  puzzling  problems  have  now  been  solved, 
but  as  it  will  be  some  time  before  all  of  the  imports  now  in  hand 
can  be  issued,  these  results  are  here  presented  in  a preliminary  way. 
While  the  matter  here  given  is  in  a large  measure  a comjtilation 
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from  re])Orts  already  publislied  or  manuscrii)ts  more  or  less  nearly 
ready  for  j)iiblication,  special  emphasis  is  given  to  some  broad  gen- 
ei’alizations  that  have  been  reached  within  the  last  year  or  so  as  a 
result  of  the  broad  study  of  certain  problems  with  all  of  the  data 
obtained  nj)  to  date.  This  will  be  especially  noted  in  the  discussion 
of  the  stratigraphy, — both  Ihe  surface  and  underground  stratigraphy, 
and  in  the  discnssion  of  the  occnrrence  of  oil  and  gas.  In  several 
of  these  lines  Ihe  report  is  mnch  more  than  a snmmary. 

The  i*eport  has  been  pre|>ared  in  a very  limited  time  and  will  nna- 
voidably  bear  many  marks  of  haste.  It  is  hoped,  howevei’,  that 
this  will  be  more  true  of  the  form  than  of  the  facts  or  snbject  matter. 
The  preliminary  poi-tion  of  the  report,  dealing  with  the  earlier  sur- 
veys and  their  rei)orts,  the  present  Survey  and  its  methods,  the 
general  geology  of  Pennsylvania,  the  ])hysiography,  and  the  chapter 
on  limestone,  has  been  prepared  or  comi)iled  by  Ralph  W.  Stone; 
the  portion  on  the  nndergronnd  stratigrajihy  by  Charles  Bntts;  the 
portion  on  the  oil  and  gas  by  M.  J.  Mnnn.  The  present  writer  is 
res]K)iisible  for  Ihe  balance  of  ihe  i*eport  and  for  the  ])lan  and  en- 
semble of  I lie  whole.  The  maps  and  drawings  have  been  made  by 
Dean  K.  AVinchester,  A.  •).  liazdewood  and  Samnel  D.  She])ard. 

GEO.  IT.  ASHLEY, 
Geologist,  F.  S.  G.  S. 


tVashinglon,  D.  C„  Ang.  1,  100S. 
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GEOLOGIC  WORK  IN  PENNSYLVANIA  PRE. 
PARED  BY  RALPH  W.  STONE. 


HISTORY  OF  THE  FIRST  GEOLOGICAL  SURVEY  OF 

RENNSYLVANIA. 


Systematic  study  of  the  miueral  resoiu'ces  of  the  United  States 
was  iiiaugiu-ated  in  1830,  when  Massachusetts  established  a Geologi- 
cal Survey.  In  the  decade  from  1830  to  1830  fifteen  State  Geological 
Survey's  were  organized,  making  this  a period  prominent  in  the  history 
of  the  geology  of  the  country.  The  order  of  the  establishment  of 
these  Surveys  was  as  follows:  Massachusetts  in  1830,  Tennessee  in 
1831,  Maryland  in  1831,  Yew  Jersey,  Connecticut  and  Virginia  in 
1835,  Maine,  New  York,  Ohio  and  Pennsylvania  in  1830,  Delaware, 
Indiana  and  Michigan  in  1837,  and  New  Hampshire  and  Rhode 
Island  in  1839.  Pennsylvania,  therefore,  was  early  in  the  field, 
and  the  result  of  the  endeavors  of  the  scientists  in  her  employ  to 
delineate  the  geology  and  mineral  resources  of  the  State  to-day  con- 
stitutes the  largest  mass  of  geological  literature  yet  published  by 
any  of  the  State  Surveys.  The  earliest  known  printed  papers  descrip- 
tive of  the  geology  of  any  part  of  Pennsylvania  are,  an  account  of  a 
cascade  in  the  Ohiopyle  Falls  of  the  Yonghiogheny,  by  Thomas 
Hutchens,  in  1786,  and  a note  by  Thomas  P.  Smith,  calling  attention 
to  the  “crystalized  basaltes”  of  the  Conewago  Hills  in  York  county. 
Both  of  these  notes  were  jniblished  in  the  Transactions  of  the  Ameri- 
can Philosophical  Society  of  Philadelphia.  Early  interest  in  the 
geology  of  the  State  is  further  shown  by  a sketch  of  the  geology  near 
Easton,  Pa.,  which  was  written  by  J.  Finch  in  1821,  and  by  Prof. 
Silliman’s  Notes  on  the  Anthracite  Beds  in  the  Lackawanna  and 
Wyoming  Valleys,  published  in  1830.  The  science  of  geology  was 
then  in  its  infancy,  and  but  few  people  in  the  State  were  deeply 
interested  in  it,  although  many  men  were  prospecting  the  wilderness 
with  the  hope  of  discovering  valuable  miueral  de])osits.  In  tlio.se' 
days,  before  the  extensive  coal  and  iron  beds  were  known,  these 
prospectors  sought  diligently  up  and  down  the  mountains  for  gold, 
silver  and  copper,  but  in  vain. 

Appreciating  the  value  of  iuformatiou  concerning  the  geology  of 
the  State,  a number  of  men  intere.sted  in  the  science,  in  the  s])ring 
of  18,32  organized  the  Geological  Society  of  Peiimsylvauia.  The 
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purpose  of  this  Society  was  the  arousing  of  interest  in  the  min- 
eral resources  of  the  State  and  the  promotion  by  legislative  enact- 
ment of  a general  State  Survey.  Through  tlie  instrumentality  of 
this  society  an  act  providing  for  a geological  survey  of  the  State 
was  reported  to  the  Legislature  in  1832  and  given  some  considera- 
tion. It  failed  to  pass,  hoivever,  and  continued  to  appear  and  re- 
ceive the  same  treatment  annually  until  the  demands  of  the  people 
became  so  strong  that  in  1830  the  Legislature  passed  the  bill  on 
the  29th  of  Ma}'.  The  act  inaugurating  the  survey  of  the  State 
authorized  an  annual  ai)propriatioii  of  $0,400.00  for  live  }Tars.  It 
would  naturally  be  expected  that  some  member  of  the  society  which 
had  been  so  actively  interested  in  the  promulgation  of  an  act  organ- 
izing a State  Survey  would  be  appointed  as  State  Geologist.  How- 
ever, as  not  one  of  the  prominent  members  of  the  Geological  Society 
of  Pennsylvania  was  fitted  by  a scientific  education  to  hold  such  a 
position,  it  resulted  that  the  appointment  had  to  be  made  elsewhere, 
and  Prof.  Henry  Darwin  Pogers,  formerly  State  Geologist  of  New 
Jersey,  and  brother  of  W.  15.  Rogers,  State  Geologist  of  Virginia, 
was  chosen  to  occujiy  this  important  position.  The  appropriation 
permitted  of  the  a])])ointment  of  assistants,  and  two  were  chosen — 
James  C.  Booth  and  John  P.  Frazier.  Dr.  Robert  E.  Rogers  was 
appointed  chemist.  In  the  first  year  of  the  Survey,  bj'  the  happy 
chance  discovery  of  a long  series  of  exposures  on  Yellow  Creek  in 
Huiiliiigdoii  county,  the  general  geologic  order  of  the  rocks  in  middle 
Pennsylvania  was  settled.  No  important  modification  in  the  strati- 
graphy has  been  made  since  ihen.  After  a careful  study  of  this 
section  the  Paleozoic  system  was  divided  into  twelve  parts,  or  for- 
mations, the  lowest  being  that  of  the  limestone  at  Harrisburg  and 
Reading,  and  ihe  highest  that  of  the  coal  horizon.  These  formations 
were  designated  liy  numerals,  a nomenclature  whicli  was  used  in 
the  Pennsylvania  Survey  juiblications  for  many  years.  The  work 
of  the  first  field  season  dissiiiatml  many  of  the  fictions  which  had 
been  promulgated  regarding  the  correlation  of  certain  parts  of  tlie 
coal  fields  in  central  Pennsylvania,  and  also  resulted  in  an  under- 
standing of  the  system  of  anticlinal  and  synclinal  folds,  ivliich  play 
such  an  imyiortant  part  in  the  siructural  geology  of  the  State.  In 
fact,  it  may  be  said  lhat  American  structural  geology  was  born  in 
1his  first  year  of  the  First  Geological  Survey  of  Pennsylvania. 

In  1837  the  ap])ropriation  was  increased  to  allow  of  four  assist- 
ants, instead  of  two.  As  Booth  and  Frazier  had  resigned,  four  neAV 
men  were  needed.  At  that  time  the  science  of  geology  was  taught 
but  little  in  the  colleges,  and  there  were  but  feAv  men  eligible,  by 
reason  of  Iheir  education,  to  undertake  such  tasks  as  were  required 
of  the  assistants  on  this  Survey.  A portion  of  the  summer  was  lost 
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before  the  appointments  were  made.  During  the  second  season  de- 
tailed work  was  begun  in  the  anthracite  region,  and  it  was  found 
that  the  task  of  mapping  this  part  of  the  State  at  least  would  be 
no  child’s  play.  An  area  lying  between  Easton,  Harrisburg,  Tioga 
and  Great  liend  was  examined.  Meanwhile,  all  the  counties  of  the 
State  were  demanding,  by  representatives  at  Harrisburg,  that  the 
Survey  should  be  extended  to  cover  all  counties.  As  a result,  in  the 
third  year  nine  assistants  were  scattered  over  the  State,  each  man 
being  assigned  to  a district.  Most  of  the  work,  as  necessarily  must 
be  so  in  the  inauguration  of  such  undertakings  in  a virgin  country, 
was  of  a reconnaissance  nature.  At  that  date  much  of  the  northern 
and  western  paid  of  the  State  was  an  almost  unbroken  wilderness, 
roamed  over  by  deer,  bear,  panther,  and  other  wild  beasts.  To  ob- 
tain any  idea  of  the  geology  of  this  region  required  tramping  on 
foot  through  an  unsettled  country,  with  few  roads,  and  the  endur- 
ance of  many  hardships.  Each  assistant  had  to  woi’k  alone  without 
books  or  advisers  and  to  struggle  unassisted  with  the  problems  as 
they  appeared.  The  notes  thus  collected  were  disconnected  and 
lacking  in  details,  but  their  volume  was  enormous.  In  this  year 
it  was  first  learned  that  the  coal  measures  of  western  Pennsylvania 
are  divided  into  two  series,  the  Tipper  Productive  and  the  Lower 
Productive.  Also  a geologic  section  was  run  from  the  New  York 
State  line  down  the  Allegheny  River  to  Pittsburg,  and  up  the  Monon- 
gahela  River  to  the  West  Virginia  State  line.  It  was  found  also 
in  1838  that  the  bituminous  coal  field  is  characterized  by  folds  and 
basins,  but  on  a broader  and  simpler  plan  than  in  the  central  part 
of  the  State. 

It  was  the  plan  of  Mr.  Rogers  to  continue  each  of  the  nine  assist- 
ants employed  in  1838  in  the  same  district  in  succeeding  years. 
This  would  be  much  to  the  advantage  of  the  work,  as  familiarity 
with  a region  in  those  early  days  was  a greater  aid  than  now.  How- 
ever, such  plans  can  not  always  be  carried  out,  by  reason  of  unex- 
pected circumstances,  such  as  death,  sickness,  or  resignations.  In 
the  succeeding  years  of  the  Survey  it  was  frequently  necessary  to 
employ  new  men  to  take  up  the  work  begun  by  others,  but  the  ])lan 
insisted  on  by  the  people  of  a contemporaneous  survey  of  tlie  entire 
State  was  never  abandoned. 

Each  year  Mr.  Rogers  submitted  to  the  Secretary  of  ihe  Gom- 
monwealth  an  annual  report  stating  briefly  the  geologic  results  of 
the  preceding  season,  but  they  were  not  of  a character  to  enlighten 
the  people  as  to  the  exact  nature,  aims  and  need  of  the  Survey.  The 
result  was,  that  as  the  desired  reports  did  not  appear,  and  the  people 
could  not  see  that  they  were  getting  the  worth  of  their  money,  in 
1842,  which  would  have  been  the  seventh  year  of  the  Survey,  the 
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Legislature  did  not  make  an  ai)proi)riation.  Mr.  Eogers  was  left 
without  means  to  carry  on  the  work,  but  his  interest  in  it  was 
such  that  he  continued  for  three  years,  without  remuneration  from 
the  State,  to  edit  the  accumulated  wealth  of  material  and  prepare 
it  for  pnhlication.  In  ISIS  he  had  prepared  a final  report  and 
de])Osited  a dnjtlicate  of  the  same  with  the  Secretary  of  the  Com- 
monwealth. An  attempt  to  get  the  State  to  publish  these  results 
failed,  in  si)ite  of  the  fact  that  it  was  urged  by  many  that  this 
report  contained  information  which  would  be  of  value  in  the  fur- 
ther develoi»meut  of  the  resources  of  the  State,  and  which,  if  left 
unpublished,  would,  within  a feAV  years,  on  account  of  the  later 
developments,  be  of  little  value. 

It  was  not  until  1851,  however,  that  the  Legislature  consented  to 
make  any  further  appropriation  for  the  Geological  Survey.  As  the 
last  held  work  had  been  done  in  1811,  the  results  contained  in  the 
report  then  in  the  hands  of  the  Secretary  were  ten  years  old.  The 
Jjegislalure,  therefore,  made  an  appropriation  for  the  continuance 
of  tiehl  Avork  for  the  jmrpose  of  bringing  the  notes  up  to  date  and 
for  fheir  ]»u1)]ication.  Mr.  Rogers  immediately  obtained  assistants, 
and  field  work  Avas  begun  in  fhe  spring  of  1851,  particular  atten- 
tion being  given  to  the  middle  portion  of  the  State,  where  the  de- 
velo])ment  of  the  anthracite  field  had  been  increasing  rapidly.  Until 
1S5I  at  least  field  Avork  Avas  done  each  season,  hut  it  Avas  not  until 
1S58  fhat  the  final  rejiort  of  the  Survey  appeared.  It  consists  of 
tAvo  quarto  volumes  containing  1,031  pages,  778  Avood  cuts,  and  43 
full  page  plates  made  from  Lehmau’s  pen  and  ink  sketches  of  the 
scenery  of  the  State.  IMajis,  sections  and  other  illustrations  Avere 
added  to  fhese  bulky  volumes  and  go  to  make  up  a publication  re- 
markable for  its  day  and  au  honor  to  its  authors. 
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HISTORY  OF  THE  SECOND  GEOLOGICAL  SURVEY  OF 
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lu  1873  the  annual  shipment  of  anthracite  coal  from  the  Scluivl- 
kill,  Lehigh  and  lYyoming  regions  amounted  to  21,227,052  long  tons. 
In  the  same  year  the  production  of  bituminous  coal  in  Pennsylvania 
was  13,098,829  short  tons.  The  first  oil  well  was  drilled  in  1859, 
and  in  1873  the  production  of  the  State,  together  with  that  from 
the  southern  part  of  New  York,  amounted  to  9,890,904  barrels  of 
crude  petroleum.  In  drilling  for  oil  natural  gas  was  discovered, 
but  up  to  1873  had  been  utilized  but  little.  The  production  of 
pig  iron  in  that  j^ear,  however,  amounted  to  1.389,573  tons.  The 
people  of  the  State  could  not  fail  to  take  note  of  the  rai)id  advance- 
ment being  made  in  the  development  of  its  mineral  wealth,  which, 
so  far  as  the  above-mentioned  commodities  are  concerned,  seemed 
to  be  almost  unlimited.  The  years  that  had  passed  since  the  publi- 
cation of  Mr.  Rogers’  final  report  in  1858  had  brought  the  State  to 
the  forefront  in  the  production  of  coal  and  oil,  and  as  a result,  the 
public  began  to  demand  later  and  more  detailed  information  as  to 
the  geology  and  mineral  resources.  An  appeal  made  to  the  State 
for  the  establishment  of  a Second  Geological  Survey  resulted  in  the 
enactment  of  a bill  which  was  passed  May  14,  1874,  and  which  ap- 
pointed a Boai’d  of  Commissioners  and  authorized  the  inauguration 
of  a new  State  Survey.  This  Commission  appointed  as  State  Geolo- 
gist J.  P.  Lesley,  who  had  held  the  i)osition  of  to])ographer  on  the 
First  Survey  under  Rogers,  and  had  subsequently  been  topographer 
and  geologist  for  various  private  surveys.  Leaving  this  work,  how- 
ever, at  the  age  of  twenty-five,  he  was  licensed  to  preach,  and  for  a 
number  of  years  was  pastor  of  a Congregational  church  at  Milford, 
Massachusetts.  Giving  up  religioiis  work  in  1851,  he  returned  to 
Philadelphia  and  became  secretary  of  the  Iron  and  Steel  Association 
and  of  the  American  Philosojfiiical  Society.  At  the  time  of  his 
appointment  as  State  Geologist  he  was  Professor  of  Geology  in  the 
University  of  Pennsylvania.  Before  the  end  of  August,  1874,  the 
following  assistants  had  been  appointed;  Andrew  McCreath,  in 
charge  of  the  iron  and  steel  laboratory  at  Harrisburg;  Dr.  F.  A. 
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Gentli,  chemist  and  mineralogist;  John  F.  Carll,  in  charge  of  the 
oil  districts  of  western  Pennsvlvania ; Henry  E.  Wrigley,  to  prepare 
a special  economic  report  on  the  ])etroleuni  of  Pennsylvania;  Frank- 
lin Platt,  in  charge  of  the  Cleartield  and  Jeli'erson  bituminous  coal 
district;  Persifor  Frazer,  Jr.,  iu  charge  of  the  York  and  Adams 
district;  Frederick  Prime,  Jr.,  in  charge  of  the  Lehigh  district,  and 
John  11.  Dewees,  in  charge  of  the  Juniata  district. 

A number  of  experienced  civil  engineers  were  appointed  to  the 
held  parties,  and  the  work  of  the  i^econd  Surve}'  was  begun  most 
auspiciously.  After  the  purcliase  of  all  the  iiistruments  required 
for  the  various  parties  and  the  equipment  of  the  iron  and  steel 
laboratory  and  cabinet  rooms  at  Harrisburg,  which  consumed  about 
$5,000,  there  remained  about  $J0,000  for  the  actual  business  of  the 
Survey.  The  plans  adopted  for  this  new  undertaking  included  the 
following  points;  (1)  The  occupation  of  live  specially  important, 
and  hitherto  little  studied,  districts  of  the  State  requiring  immediate 
attention;  (2)  the  postponement  of  work  in  the  best  known  anthra- 
cite and  bituminous  coal  regions;  (3)  the  postj)onenient  of  extensive 
systematic  study  of  fossils;  (4)  the  establishment  of  a special  labora- 
tor}"  at  Harrisburg  for  the  analysis  of  irons,  steels,  iron  ores,  and 
other  blast-furnace  stock  (5)  a special  report  on  petroleum;  (6)  a 
special  re])ort  oii  the  minerology  of  the  State;  (7)  the  publication  of 
the  results  of  the  summer’s  Avork  during  the  following  Avinter,  and 
(8)  the  exhibition  of  type  specimens  of  the  SurAV}'  collections  in  the 
rooms  of  the  Hoard  at  Harrisburg. 

As  a reconnaissance  geologic  survey  of  the  eniire  State  had  already 
been  made  and  the  general  geology  Avas  knoAvn  Avith  a surprising 
degree  of  accuracy,  as  Avas  found  later  by  the  assistants  of  this 
Second  Survey,  the  ])roblems  to  be  undertaken  under  Lesley’s  direc- 
tion were  Avell  understood  and  plans  could  be  made  accordingly. 
A special  note  book  Avas  devised,  and  all  the  assistants  Avere  re- 
(jnired  to  use  the  same  held  methods.  Certain  hxed  scales  Avere 
ado]»ted  for  plotting  road  sections  and  truA’ersed  lines,  another  scale 
for  geologic  sections,  and  a strict  adherence  to  these  Avas  insisted 
upon.  This  ncAv  Suiwey  Avas  to  study  the  details  of  special  geologic 
problems  rather  than  the  broad  features  of  the  entire  State,  and 
for  that  reason  the  held  parties  AA'ere  ecjuipped  Avith  instruments 
of  precision,  including  transits,  surveyor's  compass,  odometer,  Locke 
leAmls,  clinometers,  etc.  Ease  lines  in  the  district  Avere  run  and 
leA'eled  along  selected  main  roads,  Avhich  Avere  much  more  numerous 
than  in  the  days  of  the  First  Survey. 

During  the  thirteen  years  that  the  Second  SurA^ey  existed,  annual 
appropriations  Avere  made  Avhich  amounted  to  $545,000.00.  Among 
those  who  AA'ere  regularly  em])loyed  or  undertook  special  investiga- 
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tions  in  association  with  Lesley  were:  C.  A.  Aslibiirner,  C.  E. 

Beecher,  J.  0.  Branner,  J.  F.  Carll,  II.  1\I.  Chance,  E.  W.  Claypole, 

E.  V.  d’Invilliers,  L.  G.  Eakins,  Persifor  Frazer,  F.  A.  Genth,  C.  E. 
Hall,  T.  S.  Hunt,  A.  E.  Lehman,  Leo  Lesquereiix,  A.  S.  McCreath, 

F.  Prime,  Jr.,  J.  J.  Stevenson,  I.  C.  White,  Arthur  Winslow  and 

G.  F.  Wright. 

The  principal  ivork  of  the  organization  was  the  solution  of  eco- 
nomic problems,  particularly  of  structural  details,  and  of  the  extent 
of  the  coal  and  petroleum  formations.  More  attention  was  given 
to  chemical  and  physical  researches  than  to  ])alentology.  Lesley's 
aim  is  expressed  in  the  following  letter: 

“I  have  been  obliged  for  the  last  fourteen  years  to  direct  the  State  Survey 
almost  exclusively  in  an  economic  direction,  so  as  to  make  the  whole  of  every 
appropriation  bring  as  much  fruit  to  the  business  community  as  possible, 
neglecting,  in  what  systematic  geologists  may  possibly  or  probably  consider  a 
shameful  manner,  strictly  scientific  researches.  Even  when  I have  ordered 
long  and  extensive  researches  (as  in  the  case  of  the  analyses  of  the  Lower 
Silurian  limestone  series  opposite  Harrisburg)  it  has  been,  not  in  the  spirit 
of  transcendental  science,  but  with  the  express  intention  to  use  the  result^ 
directly  as  applied  science  to  the  economical  demands  of  the  State.  It  can  hardly 
be  understood  by  outsiders  how  completely  a State  bureau  is  shut  up  to  this 
necessity.” 

The  reports  of  Lesley’s  associates  were  published  as  rapidlj"  as 
they  could  be  prepared,  as  the  experience  of  the  First  Survey 
showed  the  dangers  of  delay.  They  proved  of  considerable  value  to 
the  public,  particularly  to  tho.se  engaged  in  mining,  and  no  doubt 
fully  justified  the  large  expenditure  of  the  State  funds,  amounting 
to  over  one-half  million  dollars.  The  fundamental  defect  of  the 
work  of  the  Second  Survey,  as  shown  by  the  work  of  recent  years, 
was  a lack  of  accurate  topogra])hic  majis.  Structural  work  by  Fed- 
eral geologists  in  the  past  ten  years  has  shown  that  in  tlie  western 
counties  the  geologists  of  the  Second  Survey  jilaced  too  much  depend- 
ence on  the  northeast-southwest  trend  of  the  structures.  Anticlinal 
and  synclinal  axes  were  drawn  on  the  Second  Survey  maps  with  a 
straight  ruler,  and  are,  therefore,  erroneous  and  misleading.  The 
geologists  who  connected  the  folds  and  basins  along  the  strike  with 
such  unjustified  freedom  and  directness  evidently  did  not  trace 
the  structure  carefully  from  iioint  to  point,  for  even  with  the  poor 
base  maps  which  they  used  the  curving  character  of  these  axes  would 
have  been  determined  had  they  been  followed.  The  delineation  of 
the  structure  by  contour  lines  could  not  have  been  done,  however, 
in  the  time  of  the  Second  Survey,  with  the  accuracy  of  the  work  of 
recent  years,  for  deep  well  records  and  mine  data  were  not  then  so 
abundant. 
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The  results  of  the  held  work,  which  continued  uninterruptedly 
from  1874  to  1887,  are  contained  in  77  octavo  volumes  of  text,  with 
35  atlases,  and  a “Grand  Atlas.”  These  were  published  as  rapidly 
as  they  could  be  prepared  during  the  progress  of  the  Survey,  and 
were  followed  in  1893  and  1895  by  the  3 octavo  volumes  constituting 
the  hnal  report.  With  the  publication  of  the  third  volume  of  the 
hnal  re})ort  iii  1895,  the  Second  Geological  Survey  of  Pennsylvania 
came  to  an  end. 
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Neither  the  State  of  Pennsylvania  nor  the  U.  S.  Geological  Survey 
have  any  of  these  reports  for  distribution.  They  can  only  be  obtained 
from  second  hand  book  dealers. 

ANNUAL  REPORTS. 

1885 —  769  pp.  8 pi.,  and  maps;  contains  following  special  reports: 

1.  Oil  and  Gas.  John  P.  Carll. 

2.  Vegetable  Origin  of  Coal.  Leo  Lesquereux. 

3.  Pittsburg  Coal  Region.  E.  V.  d’lnvillieTS. 

4.  Wellersburg  Coal  Basin.  J.  P.  Lesley  and  E>.  B.  Harden. 

5.  Tipton  Run  Coal  Basin.  C.  A.  Ashburner. 

6.  Anthracite  Coal  Region.  C.  A.  Ashburner. 

7.  Wyoming  Valley  Fossils.  C.  A.  Ashburner  and  A.  Heilprin. 

8.  Bernice  Coal  Basin.  C.  A.  Ashburner. 

9.  Mehoopany  Coal  Field.  F.  A.  Hill. 

10.  Cornwall  Ore  Mines.  J.  P.  Lesley  and  E.  V.  dTnvllliers. 

11.  Delaware  and  Chester  Kaolins.  J.  P.  Lesley  and  C.  A.  Ashburner. 

12.  Quarternary  Geology,  Wyoming  Valley.  C.  A.  Ashburner,  P.  A.  Hill  and 

H.  C.  Lewis. 

13.  Pressure,  &c.,  of  Rock  Gas.  J.  P.  Lesley. 

14.  Progress  Geodetic  Survey.  Mansfield  Merriman. 

1886 —  4 parts,  as  follows: 

i.  Pittsburgh  Coal  Region.  E.  V.  d’lnvilliers. 

ii.  Oil  and  Gas  Region.  J.  P.  Carll,  F.  C.  Phillips,  B.  S.  Lyman. 

iii.  Anthracite  Coal  Region  with  Atlas.  F.  A.  Hill. 

iv.  1.  The  Lehigh  River  Cross  Section.  Arthur  Winslow. 

2.  Paint  Ores  along  the  Lehigh  River.  F.  A.  Hill. 

3.  Iron  Ore  Mines  and  Limestone  Quarries  of  the  Cumberland-Lebanon 

Valley.  E.  V.  d’lnvilliers. 

4.  Geology  of  Radnor  township,  Delaware  Co.,  &c.,  T.  D.  Rand.  With  an 

Atlas. 


Plate  II.  Key  map  showing  areas  covered  by  publications  of  the  Second  Geological  Survey  of  Pennsylvania. 
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1887 — 105  pp.,  map  New  Boston  Anthracite  basin. 

1.  Cave  Fossils.  Prof.  Joseph  Leidy. 

2.  Fossil  tracks  in  the  Trias.  Atreus  Wanner. 

3.  New  Boston  Anthracite  Basin.  Benj.  Smith  Lyman. 

4.  State  Line  Serpentine.  Prof.  F.  D.  Chester. 

MISCELLANEOUS  REPORTS. 

A.  A history  of  First  Geological  Survey  of  Pennsylvania,  from  1836  to 

1858,  J.  P.  Lesley;  with  annual  reports  of  Board  to  Legislature  for  1874  and 
1875.  226  pp.  1876. 

B.  Minerals  of  Pennsylvania,  F.  A.  Gentli;  hydro-carbon  compounds,  S.  P. 
Sadtler;  reference  map.  206  pp.  1875. 

B2.  Minerals,  F.  A.  Genth,  continued  from  page  207  to  238.  31  pp.  1876. 

(Bound  with  B.) 

M.  Chemical  Analyses  in  1874-5,  A.  S.  McCreath.  105  pp.  1875. 

M2.  Chemical  Analyses  in  1876-8,  A.  S.  McCreath;  Classification  of  coals,  P. 
Frazer;  Fire-brick  tests,  F.  Platt;  Dolomitic  limestone  beds,  J.  P.  Lesley; 
Utilization  of  anthracite  slack,  F.  Platt;  Determination  of  Carbon  in  iron  or 
steel,  A.  S.  McCreath.  1 folded  pi.,  4 page  pis.  438  pp.  1879. 

M3.  Chemical  Analyses  in  1879-80,  A.  S.  McCreath;  reference  map  of  93  iron 
ore  mines  in  Cumberland  Valley.  126  pp.  1881. 

N.  Levels  above  tide  of  railroads,  canal  and  turnpike  stations,  mountain 
tops,  &c.,  in  and  around  Pennsylvania,  200  tables,  C.  Allen;  map.  279  pp.  1878. 

O.  Catalogue  of  specimens  collected  by  survey  (No.  1 to  4,264),  C.  E.  Hall. 
217  pp.  1878. 

02.  Catalogue  (continued  from  No.  4,265  to  No.  8,974);  also  catalogue  of 

fossils  (pp.  231  to  239.)  272  pp.  1880. 

03.  Catalogue  (continued  from  No.  8,975  to  No.  12,872);  also  catalogue  of 
special  collections  of  fossils  in  stratigraphical  order,  from  201-1  to  C7-4-3;  and 
Revised  Catalogue  of  Randall’s  collection,  from  9,467  to  9,625.  260  pp.  1889. 

P.  Coal  Flora  of  Pennsylvania  and  the  United  States.  Vols.  1 and  2 (bound 
together),  L.  Lesquereux.  694  pp.  1880. 

P.  Coal  Flora  of  Pennsylvania  and  the  United  States.  Vol.  3,  24  double 
page  pis.  (lithographed)  of  coal  plants,  to  accompany  P.,  vols.  1 and  2.  283 
pp.  1884. 

(P).  Atlas  of  87  double  page  pis.  (lithographed)  of  coal  plants  to  accom- 
pany P. , vols.  1 and  2.  1879. 

P2.  Permo-Carboniferous  plants  from  W.  Va.  and  Greene  county.  Pa.,  W. 
M.  Fontaine  and  I.  C.  White.  38  double  p.age  pis.  (lithographed).  143  pp.  1880. 

P3.  Ceratiocaridae,  C.  E.  Beecher;  Eurypteridae,  James  Hall.  8 pis.  39 
pp.  1884. 

P4.  Dictionary  of  Fossils  found  in  Pa.  and  alsewhere,  with  electrotype 
illustrations  of  the  various  forms.  2 vols.  and  appendix,  J.  P.  Lesley,  pp. 
800.  1889. 

X.  Geological  Pland  Atlas  of  the  67  counties  of  Pa.,  with  short  explanation 
of  the  geological  structure  of  each  county,  embodying  results  of  field  work 
of  the  survey  from  1874  to  1884,  J.  P.  Lesley.  62  colored  maps  and  cross  sec- 
tion. 112  pp.  1885. 

Z.  Terminal  Moraine  across  Pennsylvania,  H.  C.  Lewis;  extracts  from  de- 
scriptions of  the  Moraine  in  New  Jersey,  G.  H.  Cook,  and  in  Ohio,  Kentucky 
and  Indiana,  G.  F.  Wright.  Map  of  State,  18  photographic  views  of  the 
Moraine,  and  32  page  plate  maps  and  sections,  pp.  lyi  and  299.  1884, 
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Grand  Atlas,  Div.  I,  Pt.  I,  1885,  port-folio  containing  maps  of  56  counties 
and  parts  of  counties  (scale  2 mi.  to  1 inch)  on  49  sheets  (26"  x 32".) 

Annual  Report,  Pt.  IV.  1886. 

SUMMARY  REPORT. 

Vol.  I.  Laurentian,  Cambrian,  Lower  Silurian.  J.  P.  Lesley,  pp.  1-719,  1892. 
Vol.  II.  Upper  Silurian  and  Devonian.  J.  P.  Lesley,  pp.  721-1628,  1893. 

Vol.  Ill,  part  1.  Carboniferous.  J.  P.  Lesley,  E.  V.  dUnvilliers,  and  A.  D.  W. 
Smith,  pp.  1629-2152,  1895. 

Vol.  Ill,  part  2.  Carboniferous,  New  Red.  E.  V.  d’Invilliers  and  Benjamin 
Smith  Lyman,  pp.  2153-2638,  1985. 

These  volumes  give  in  a condensed  form  a summary  of  practically  all  of  the 
preceding  publications,  with  some  additional  matter  of  later  date,  including 
a new  geologic  map  of  the  State,  a map  and  list  of  bituminous  mines,  and  611 
page  plates. 

Index  of  Final  Summary  Report,  Wm.  A.  Ingham,  pp.  1-98,  i-xxx,  1895. 


ANTHRACITE  REGION. 

A2.  Causes,  kinds  and  amount  of  waste  in  mining  anthracite,  F'.  Platt; 
Methods  of  mining  (1  chapter),  J.  P.  Wetherill,  illustrated  by  35  figures  of 
mining  operations,  plan  of  the  Hammond  breaker,  and  specimen  sheet  of  the 
maps  of  the  Anthracite  coal  fields.  134  pp.  1881. 

AC.  Mining  Methods,  &c.,  in  the  anthracite  coal  fields,  H.  M.  Chance.  54 
pis.  and  60  illustrations  in  text.  574  pp.  1883.  Atlas  containing  25  pis.  illus- 
trating coal  mining. 

AA.  First  report  of  progress  of  the  anthracite  survey;  Panther  Creek  Basin, 
C.  A.  Ashburner;  determination  of  the  latitude  and  longitude  of  Wilkes-Barre 
and  Pottsville,  C.  L.  Doolittle;  theory  of  stadia  measurements,  A.  Winslow. 
407  pp.  1883. 

AA.  Second  report  of  progress  of  the  anthracite  sur-^ey,  Pt.  I;  Statistics  of 
Production  and  Shipment  for  1883  and  1884,  C.  A.  Ashburner. 

(AA).  Atlas  of  Southern  anthracite  field,  Pt.  I,  13  sheets;  3 geological  and 
mine  sheets,  3 cross  section  sheets,  3 columnar  section  sheets,  1 topographical 
map  sheet,  and  1 coal  bed  area  sheet,  relating  to  the  Panther  Creek  Basin; 
1 general  map  of  the  anthracite  region,  and  1 chart  of  anthracite  production 
from  1820  to  1881;  C.  A.  Ashburner,  A.  W.  Sheafer,  and  F.  A.  Hill.  1882. 

(AA).  Atlas  Southern  anthracite  field,  Pt.  II,  13  mine  sheets  between  Ta- 
maqua  and  Tremont,  F.  A.  Hill,  and  A.  D.  W.  Smith.  1889. 

(AA).  Atlas  Southern  anthracite  field,  Pt.  HI,  12  mine  sheets  between  Tre- 
mont and  western  end  of  the  southern  basin,  and  a general  map  of  the  anthra- 
cite fields  showing  the  location  of  collieries.  F.  A.  Hill  and  A.  D.  W.  Smith. 
1889. 

(AA).  Atlas  Southern  anthracite  field,  Pt.  IV. 

(AA).  Atlas  of  Western  Middle  anthracite  field,  Pt.  I,  11  sheets;  4 geologi- 
cal and  mine  sheets  between  Delano  and  Locust  Dale,  3 topographical  sheets 
between  Quakake  Junction  and  Mount  Carmel,  and  4 cross  section  sheets. 
C.  A.  Ashburner,  A.  W.  Sheafer,  and  Bard  Wells.  1884. 

(AA).  Atlas  of  Western  Middle  anthracite  field,  Pt.  II,  11  sheets;  4 geological 
and  mine  sheets  from  Mount  Carmel  to  the  western  end  of  the  coal  field,  and 
7 columnar  section  sheets  covering  the  entire  field.  F.  A.  Hill  and  Bard  Wells. 
1887. 
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(AA).  Atlas  of  Western  Middle  anthracite  field,  Pt.  III. 

(AA).  Atlas  of  Northern  anthracite  field,  Pt.  I,  G geological  and  mine  sheets 
between  Wilkes-Barre  and  Nanticoke,  3 cross  section  sheets  and  4 columnar 
section  sheets,  C.  A.  Ashburner,  and  F.  A.  Hill.  1885. 

(AA).  Atlas  of  Northern  anthracite  field,  Pt.  II,  10  sheets;  4 mine  sheets 
relating  to  that  portion  of  the  Wyoming-Lackawanna  coal  basin  between 
Wyoming  and  Taylorville,  and  2 topographical  and  mine  sheets  relating  to  the 
extreme  western  end  of  the  Wyoming  basin;  4 columnar  section  sheets  of  bore- 
holes, shafts,  and  tunnels;  F.  A.  Hills,  and  William  Griffith.  1887. 

(AA).  Atlas  of  Northern  anthracite  field,  Pt,  III,  8 sheets;  4 mine,  and  4 
columnar  section  sheets  relating  to  that  portion  of  the  Lackawanna  basin  in 
the  vicinity  of  Taylorville,  Minooka,  Scranton,  Dunmore  and  Priceville;  F.  A. 
Hill  and  William  Griffith.  1889. 

(AA).  Atlas  of  Northern  anthracite  field,  Pt.  IV,  8 mine  sheets  relating  to 
that  portion  of  the  Lackawanna  basin  in  the  vicinity  of  Olyphant,  Peckville, 
Jessup,  Winton,  Archbald,  Jermyn,  Glenwood,  Carbondale,  and  Forest  City 
in  Lackawanna  and  Susquehanna  counties;  F.  A.  Hill  and  William  Griffith. 
1889. 

(AA).  Atlas  of  Northern  anthracite  field,  Pt.  V. 

(AA).  Atlas  Eastern  Middle  anthracite  field,  Pt.  I,  8 sheets;  2 geological  and 
mine  sheets  in  the  vicinity  of  Hazleton,  Drifton  and  surrounding  towns,  3 
cross  section  sheets  and  3 columnar  section  sheets;  C.  A.  Ashburner,  A.  P. 
Berlin  and  Arthur  Winslow.  1885. 

(AA).  Atlas  of  Eastern  Bliddle  anthracite  field,  Pt.  II,  8 sheets;  6 mine,  and 
2 columnar  section  sheets  relating  to  portions  of  the  Lehigh  basins  in  the 
vicinity  of  Upper  Lehigh,  Pond  Creek,  Sandy  Run,  Eckley,  Weatherly,  Buck 
Mountain,  Beaver  Meadow,  Coleraine,  Jeansville  and  Audenried,  in  Luzerne, 
Carbon  and  Schuylkill  counties;  F.  A.  Hill  and  I.  R.  Moister.  1888. 

(AA.)  Atlas  Eastern  Middle  anthracite  field,  Pt.  Ill,  13  sheets;  8 mine 
sheets,  covering  the  entire  western  part  of  the  field,  2 columnar  section  sheets 
and  3 cross  section  sheets;  F.  A.  Hill  and  I.  R.  Moister.  1889. 

Grand  Atlas,  Div.  II,  Pt.  I.  1884.  Port-folio  containing  26  sheets  (26"  x 32"), 
as  follows:  13  sheets  Atlas  Southern  Anthracite  Field,  Pt.  I.  11  sheets  Atlas 
Western  Middle  Anthracite  Field,  Pt.  I,  1 sheet  photo  views  of  plaster  models 
in  Western,  Middle  and  Southern  Fields,  and  1 specimen  sheet.  Report  A2. 

Grand  Atlas,  Div.  II,  Pt.  II,  1885.  Port-folio  containing  22  sheets  (26"  x 32"), 
as  follows:  13  sheets  Atlas  Northern  Anthracite  Field,  Pa.  I,  8 sheets  Atlas 
Eastern  Middle  Anthracite  Field,  Pt.  I,  and  1 sheet  containing  a preliminary 
general  map  of  the  Anthracite  Coal  Fields  and  adjoining  counties. 

For  Anthracite  coal  in  Sullivan  county,  see  G2  and  Annual  Report,  1885. 

For  Utilization  of  anthracite  slack,  see  M2. 

For  General  description  anthracite  region.  Quaternary  Geology  of  the  Wyom- 
ing-Lackawanna Valley,  &c.,  &c.,  see  Annual  Report,  1885. 

Annual  Report,  Pt.  HI.  1886. 

BITUMINOUS  COAL  FIELDS  AND  SURROUNDING  AREAS. 

H.  First  report  on  Clearfield  and  Jefferson  counties,  F.  Platt.  8 maps,  2 
sections,  139  cuts  in  text.  296  pp.  1875.  (For  second  report,  see  H 6,  H 7.) 

H 2.  Cambria  county,  F.  & W.  G.  Platt.  4 maps  and  sections,  and  84  cuts 
in  text.  194  pp.  1877. 

H 3.  Somerset  county,  F.  & W,  G.  Platt.  6 maps  and  sections  and  110  cuts 
in  text,  348  pp.  1877, 
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Atlas  to  Reports  P12  and  H3  containing  geological  maps  of  Cambria  and 
Somerset  counties,  with  2 sheets  of  columnar  sections  and  1 cross  section;  a 
revision  and  correction  of  the  semi-bituminous  coal  section  at  Wellersburg, 
Somerset  county,  and  notes  on  the  new  mines  in  Cambria  county.  1889. 

H 4.  Indiana  county,  W.  G.  Platt.  Colored  geological  map  and  87  cuts  in 
text.  316  pp.  1878. 

H 5.  Armstrong  county,  W.  G.  Platt.  Colored  geological  map  and  58  cuts  in 
text.  338  pp.  1880. 

H 6.  Jefferson  county,  W.  G.  Platt.  Colored  geological  map  and  57  cuts  in 
text.  218  pp.  1881. 

H 7.  Clearfield  county,  H.  M.  Chance.  Colored  geological  map,  an  outcrop 
mapi  of  Houtzdale  basin,  and  58  cuts  in  text.  197  pp.  1884. 

I.  Venango  county,  .1.  F.  Caril;  The  geology  around  Warren,  F.  A.  Randall; 
Notes  on  the  comparative  geology  of  N.  E.  Ohio,  N.  W.  Pa.,  and  W.  New  York, 

J.  P.  Lesley.  1 small  map  of  the  Venango  oil  region,  1 small  map  of  the  region 
south  and  east  of  Lake  Erie,  1 long  section  of  the  rocks  at  Warren,  and  7 
cuts  in  text.  127  pp.  1875. 

I 2.  Oil  well  records  and  levels  in  Venango,  Warren,  Crawford,  Clarion, 
Armstrong,  Butler,  &c. , J.  F.  Carll.  398  ijp.  1877. 

I 3.  Venango,  Warren,  Clarion,  and  Butler  Oil  Regions;  descriptions  of  rig, 
tools,  &c.,  survey  of  the  Garland  and  Panama  conglomerates,  &c. ; discussion 
of  pre-glacial  and  post-glacial  drainage;  J.  F.  Carll.  23  page  plates  and  an 
atlas.  482  pp.  1880. 

(I  3.),  Atlas  of  22  sheets.  Map  of  Venango  county,  colored  geologically;  map 
lower  oil  field  (Butler,  Armstrong,  and  Clarion)  in  two  sheets;  3 local  contour 
maps  at  Franklin,  Titusville  and  Spring  Creek;  2 maps  of  N.  W.  Pennsyl- 
vania, showing  past  and  present  drainage;  long  section  across  W.  Pennsyl- 
vania; vertical  section  of  the  formations  from  the  Upper  Coal  measures  down 
to  the  bottom  of  the  Devonian;  diagram  map  and  section  of  Third  sand;  pro- 
file section  from  Meadville,  S.  W. ; 5 sheets  of  grouped  oil  well  sections;  5 sheets 
of  working  drawings  for  well  boring,  &c. ; diagram  of  daily  rate  of  drilling 
six  wells  at  Petrolia. 

I 4.  Warren  county,  J.  F.  Carll.  Colored  geological  map,  map  of  Warren 
oil  region,  and  2 sheets  of  oil  well  sections.  439  pp.  1883.  (Note — The  first  147 
pages  of  this  book  contaJn  oil  well  records.) 

J.  The  Oil  Region,  H.  E.  Wrigley;  map  and  profile  of  line  levels  through 
Butler,  Armstrong,  and  Clarion,  D.  J.  Lucas;  map  and  profile  of  Slippery  Rock 
creek,  J.  P.  Lesley.  5 maps  and  sections,  1 pi.  and  5 cuts.  122  pp.  1875. 

K.  Greene  and  Washington  counties,  ^J.  J.  Stevenson.  2 maps.  (Showing 
the  calculated  local  depths  of  the  Pittsburg  and  Waynesburg  coal  beds  beneath 
the  surface),  3 page  plates  of  general  sections.  419  pp.  1876.  (Note — Since 
publication  of  this  book  two  colored  geological  county  maps  have  been  pub- 
lished, and  will  be  found  in  pocket  of  vol.  K3.) 

K 2.  First  report  on  Fayette,  Westmoreland,  and  S.  E.  Allegheny  counties 
(i.  e.,  west  of  Chestnut  Ridge),  J.  J.  Stevenson.  3 colored  geological  maps  and 
50  cuts  in  text.  437  pp.  1877. 

K 3.  Second  report  on  Fayette  and  Westmoreland  counties  (the  Ligonier 
Valley),  J.  J.  Stevenson.  4 p.age  plates  and  107  cuts  in  text.  331  pp.  1878. 

K 4.  Monongahela  River  Coal  Mines,  from  West  Virginia  State  Line  to 
Pittsburgh  (including  some  on  the  Youghiogheny  and  other  streams),  J.  Sut- 
ton Wall.  Map  of  region  in  pocket,  12  heliotype  pictures,  26  page  plates.  231 
pp.  1884. 
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L.  Youghiogheny  coke  manufacture,  F.  Platt;  Notes  on  the  coal  and  iron 
ore  beds,  C.  A.  Young;  Report  on  methods  of  coking,  J.  Fulton;  Report  on  the 
use  of  natural  gas  in  the  iron  manufacture,  J.  B.  Pearse  and  F.  Platt;  The 
Boyd’s  Hill  gas  well  at  Pittsburgh,  J.  P.  Lesley.  Map  of  the  coke  region,  two 
folded  plates  of  coke  ovens,  and  page  plates  and  cuts  in  text.  252  pp.  1876. 

Q.  Beaver,  N.  W.  Allegheny  and  S.  Butler  counties,  I.  C.  White.  3 colored 
geological  county  maps,  and  21  page  plates  of  sections.  '337  pp.  1878. 

Q 2.  Lawrence  county,  and  special  Report  on  Correlation  of  the  Pennsyl- 
vania and  Ohio  coal  beds,  I.  C.  White.  Colored  geological  map  (county)  and 
134  cuts  in  text.  336  pp.  1879. 

Q 3.  Mercer  county,  I.  C.  White.  Colored  geological  county  map  and  119 
cuts  in  text.  233  pp.  1880. 

Q 4.  Crawford  and  Erie  counties,  I.  C.  White.  2 colored  geological  county 
maps  and  107  cuts  in  text.  Also,  report  on  a pre-glacial  outlet  for  Lake  Erie, 
J.  W.  Spencer.  2 maps  of  the  Lake  region.  406  pp.  1881. 

R.  McKean  county,  and  its  geological  connections  with  Cameron,  Elk,  and 
Forest  counties,  C.  A.  Ashburner.  33  page  plates  of  vertical  and  columnar 
sections,  pictures  of  Rock  City  and  Clean  conglomerate,  Wilcox  and  Kane 
spouting  wells,  map  of  Ploward  Hill  coal  field,  &c.,  and  an  atlas  of  8 sheets. 
371  pp.  1880. 

(R.)  Atlas  for  McKean  county  of  8 sheets;  colored  geological  county  map;  3 
topographical  maps;  Buffalo  Coal  Company  tract,  Alton  coal  basin,  and  Po- 
tato Creek  coal  basin;  map  of  McKean  oil  district;  one  sheet  of  colmunar 
sections  between  Bradford  and  Ridgway  and  2 diagram  sheets  of  the  Well 
account  and  Production  account  in  the  Bradford  district. 

R 2.  Pt.  II,  report  on  township  geology  of  Cameron,  Elk  and  Forest  coun- 
ties, C.  A.  Ashburner. 

(R  2.)  Atlas  for  Cameron,  Elk  and  Forest  counties,  of  11  sheets  (published 
November,  1884,  in  advance  of  the  report);  3 colored  geological  county  maps; 
1 anticlinal  and  synclinal  map;  1 topographical  map  McKean  county;  2 tract 
maps  Forest  and  Elk  counties;  1 map  Straight  Creek  coal  basin;  2 sheets  oil 
well  sections;  and  1 sheet  coal  sections. 

V.  N.  Butler  county;  and  (Pt.  II)  special  report  on  the  Beaver  and  Shenango 
river  coal  measures,  H.  M.  Chance.  Colored  geological  map  of  N.  Butler; 
contour  local  map  around  Parker;  map  of  the  anticlinal  rolls  in  the  6th  basin; 
chart  of  the  Beaver  and  Shenango  rivers;  profile  section  from  Homewood  to 
Sharon;  oil  well  records  and  surface  sections;  and  154  cuts  in  text.  248  pp. 
1879. 

V 2.  Clarion  county,  H.  M.  Chance.  Colored  geological  county  map;  map  of 
the  anticlinals  and' oil  belt;  contoured  map  of  the  old  river  channel  at  Parker; 
4 page  plates,  and  83  cuts  in  text.  232  pp.  1880. 

For  the  coarl  basins  of  Bradford  and  Tioga  counties,  see  report  G. 

For  the  coal  basins  of  Lycoming  and  Sullivan,  see  report  G 2. 

For  the  coal  basins  of  Potter  county,  see  G 3. 

For  the  coal  basins  of  Clinton  county,  see  G 4. 

For  the  coal  in  Wayne  county,  see  G 5 and  Northern  Atlas,  Part  IV. 

For  the  East  Broad  Top  coal  basin  in  Huntingdon  county,  see  F. 

For  the  mountain  coals  in  Blair  county,  see  T. 

For  the  Broad  Top  coal  measures  in  Bedford  and  Fulton  counties,  see  T 2. 

For  tlie  coal  basins  in  Centre  county,  see  T 4. 

For  coal  analyses,  see  M,  M 2,  M 3. 

For  classification  of  coals,  see  M 2. 
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For  coal  plants,  see  P,  P 2. 

For  fossil  crustacens  in  coal  slate,  see  P 3. 

For  origin  of  coal;  Pittsburg  Region  and  Monongahela  Valley;  Wellersburg 
coal  basin,  Somerset  county;  and  Tipton  Run  coal  beds,  Blair  county;  see 
Annual  Reports,  1885,  and  Atlas  H 2 and  H 3. 

Grand  Atlas,  DIv.  Ill,  Pt.  I,  1885;  port-folio  containing  35  sheets  (26"  x 32"), 
as  follows:  32  sheets  relating  to  portions  of  the  Petroleum  and  Bituminous  Coal 
Fields,  and  3 sheets  relating  to  the  Quaternary  period. 

Annual  Report,  1886.  Part  I. 

•* 

PETROLEUM  AND  GAS. 

See  reports  I,  I 2,  I 3,  I 4,  and  J,  under  Bituminous  Coal  Fields. 

See  L for  the  Pittsburgh  gas  well,  and  the  use  of  gas  in  iron  manufacture. 

See  Q,  Q 2,  Q 3,  Q 4,  for  references  to  oil  rocks  in  Beaver,  Lawrence,  Mer- 
cer, Crawford,  Erie,  and  S.  Butier  counties. 

See  K for  the  Dunkard  Creek  oil  wells  of  Greene  county. 

See  R,  R 2,  for  descriptions  of  oil  rocks  in  McKean,  Elk,  and  Forest  counties. 

See  V,  V 2,  for  notes  on  the  oil  rocks  of  N.  Butler  and  Clarion  counties. 

See  H 2 for  oil  boring  at  Cherry  Tree,  Cambria  county. 

See  G 5 for  oil  boring  in  Wayne  county. 

See  Annual  Report,  1885,  for  report  of  progress  in  the  oil  and  gas  region, 
with  special  facts  relating  to  the  geology  and  physics  of  natural  gas. 

See  Grand  Atlas,  Div.  Ill,  Pt.  I,  under  Bituminous  Coal  Fields. 

See  Annual  Reports,  1886.  Part  II. 

NORTHEASTERN  AND  MIDDLE  PENNSYLVANIA. 

(Palaeozoic  formations  from  the  Coal  Measures  down.) 

D.  First  report  on  Lehigh  county  iron  mines,  F.  Prime.  Contour  line  map 
of  the  ore  region  and  8 page  plates.  73  pp.  1875. 

D 2.  Second  report  on  Lehigh  county  iron  mines,  F.  Prime.  Colored  geologi- 
cal contour  line  map  of  the  iron  region  (in  4 sheets),  colored  geological  con- 
tour line  map  of  the  Ironton  mines,  4 double  page  lithograph  pictures  of  Lime- 
stone quarries,  and  1 page  plate  of  Monocraterion.  99  pp.  1878. 

D 3.  Vol.  I.  Lehigh  and  Northampton  counties.  Introduction  by  J.  P.  Lesley; 
Slate  belt,  R.  H.  Sanders;  Limestone  belt  and  iron  mines,  F.  Prime;  South 
Mountain  rocks,  F.  Prime  and  C.  E.  Hall.  3 lithograph  pictures  of  quarries, 
4 pictures  of  triangulation  stations,  14  page  plates  of  sections,  and  an  atlas 
of  maps.  283  pp.  1883.  (Note — For  atlas,  see  below.) 

D 3.  Vol.  II.  Berks  county  (South  Mountain  belt),  E.  V.  d’lnvilliers.  10 
pages  plates  of  sections  and  Indian  relics,  and  3 pictures  of  rock  exposures. 
441  pp.  1883.  (Note — For  atlas,  see  below.) 

(D  3)  Atlas;  1 colored  geological  map  of  Lehigh  and  Northampton  counties 
(1  sheet);  1 colored  geological  contour  line  map  of  southern  Northampton  county 
16  sheets);  a contour  line  map  of  the  mountains  from  the  Delaware  to  the 
Schuylkill  (18  sheets);  colored  geological  contour  line  index  map  to  the  22 
sheets  (1  sheet);  and  4 sheets  of  maps  of  iron  mines. 

(D  5)  Atlas  of  colored  geological  county  maps  of  Cumberland,  Franklin  and 
Adams  (3  sheets);  and  first  installment  of  contour  line  map'  of  the  South  Moun- 
tains, Sheets  A 1,  A 2,  B 1,  B 2 (4  sheets),  A.  E.  Lehman. 

F.  Juniata  River  district  in  Mifflin,  Snyder,  and  Huntingdon  counties,  J.  H. 
Dewees;  The  Aughwick  Valley  and  East  Broad  Top  region  in  Huntingdon 
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county,  C.  A.  Ashburner.  Colored  geological  maps  of  East  Broad  Top  R.  R. 
and  Orbisonia  vicinity  (2  sheets);  Three  Springs  map  and  section  (2  sheets); 
Sideling  Hill  Creek  map  and  section  (2  sheets),  and  Isometric  projection  at 
Three  Spirngs  (1  sheet);  six  folded  cross  sections,  and  22  page  plates  of  local 
maps  and  columnar  sections.  305  pp.  1878. 

F 2.  Perry  county  (Pt.  I,  geology),  E.  W.  Claypole.  2 colored  geological 
maps  of  the  county;  17  geological  outline  township  maps  as  page  plates,  and  30 
page  plate  cross  and  columnar  sections.  437  pp.  1881. 

G.  Bradford  and  Tioga  counties,  A.  Sherwood;  report  on  their  coal  fields 
(including  forks  of  Pine  Creek  in  Potter  county),  P.  Platt;  report  on  the  coking 
of  bituminous  coal,  J.  Fulton.  (See  L above.)  2 colored  geological  county  maps, 
3 page  plates,  and  35  cuts  in  text.  271  pp.  1878. 

G 2.  Lycoming  and  Sullivan  counties;  field  notes  by  A.  Sherwood;  coal 
basins,  by  F.  Platt.  2 colored  geological  county  maps  (of  Lycoming  and  Sulli- 
van); topographical  map  (in  2 sheets)  of  the  Little  Pine  Creek  coal  basin;  and 
24  page  plates  of  columnar  sections.  268  pp.  1880. 

G 3.  Potter  county,  A.  Sherwood;  report  on  its  coal  fields,  P.  Platt.  Colored 
geological  county  map,  2 folded  plates  and  2 page  plates  of  sections.  121  pp. 
1880. 

G 4.  Report  on  Clinton  county,  H.  M.  Chance,  including  description  of  the 
Renovo  coal  basin,  C.  A.  Ashburner,  and  notes  on  the  Tangascootac  coal 
basin,  F.  Platt.  Colored  geological  county  map,  1 sheet  of  sections,  local 
Renovo  map,  6 page  plates,  and  21  sections  in  text.  183  pp.  1880. 

G 5.  Susquehanna  and  Wayne  counties,  I.  C.  White.  Colored  geological  map 
of  the  two  counties  and  58  cuts  in  text.  243  pp.  1881. 

G 6.  Pike  and  Monroe  counties,  I.  C.  White.  2 colored  geological  county 
maps  (1  sheet  Pike  and  Monroe  and  1 sheet  Wyoming);  map  of  glacial 
scratches,  and  7 small  sections.  Report  on  the  Delaware  and  Lehigh  Water 
Gaps,  with  two  contoured  maps  and  five  sections  of  the  gaps,  H.  M.  Chance. 
407  pp.  1882. 

G 7.  Wyoming,  Lackawanna,  Luzerne,  Columbia,  Montour,  and  Northum- 
berland counties  (i.  e.,  the  parts  lying  outside  of  the  anthracite  coal  fields), 
I.  C.  White.  Colored  geological  map  of  these  counties  (in  2 sheets),  and  31 
page  plates  in  text.  464  pp.  1883.  (Note — The  colored  geological  map  of  Wy- 
oming county  is  published  in  G 6.) 

T.  Blair  county,  F.  Platt.  35  cuts  in  text  and  an  atlas  of  maps  and  sections 
(see  below).  311  pp.  1881. 

(T)  Atlas  of  colored  geological  contour  line  map  of  Morrison’s  Cove,  Canoe 
Valley,  Sinking  Valley,  and  country  west  to  the  Cambria  county  line  (14 
sheets);  index  map  of  the  same  (1  sheet);  colored  sections  (2  sheets).  1881. 

T 2.  Bedford  and  Pulton  counties,  J.  J.  Stevenson.  2 colored  geological  maps 
of  the  two  counties.  382  pp.  1882. 

T 3.  Huntingdon  county,  I.  C.  White.  Colored  geological  map  of  the  county, 
and  numerous  sections.  471  pp.  1885. 

T 4.  Centre  county,  E.  V.  d’Invilliers;  also  special  report,  A.  L.  Ewing,  and 
extracts  from  report  to  Lyon,  Shorb  & Co.,  by  J.  P.  Lesley.  Colored  geologi- 
cal map  of  the  county,  13  page  plates  of  local  maps  and  sections,  and  15  cuts 
in  text.  464  pp.  1884. 

For  report  on  line  of  the  Terminal  Moraine,  see  Z. 

Grand  Atlas,  Div.  IV,  Pt.  I,  1885.  Port-folio  containing  43  sheets,  as  follows: 
30  sheets  relating  to  the  Durham  and  Reading  Hills  and  bordering  valleys  in 
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Northampton,  Lehigh,  Bucks  and  Berks  counties,  and  13  sheets  relating'  to  the 
South  Mountains  in  Adams,  Franklin,  Cumberland  and  York  counties. 

Grand  Atlas,  Div.  V,  Pt.  I,  1885.  Port-folio  containing  35  sheets,  as  follo'ws: 
29  sheets  relating  to  the  Topography  and  Geology  of  the  Palaeozoic  strata  in 
parts  of  Cambria,  Blair,  Bedford,  Hunting'don,  Mifflin,  Centre  and  Union  coun- 
ties, 5 sheets  containing  map  and  geological  cross  section  along  the  east  bank 
of  the  Susquehanna  River,  Lancaster  county,  and  1 sheet  containing  cross 
sections  of  the  Philadelphia  belt  of  the  Azoic  rocks. 

For  report  on  Cornwall  Iron  Ore  Mines,  Lebanon  county,  and  the  Tipton 
Run  coal  beds,  Blair  county,  see  Annual  Report,  1885. 

For  report  on  the  Iron  Ore  Mines  and  Limestone  Quarries  of  the  Cumberland- 
Lebanon  Valley,  and  Paint-ore  along  the  Lehigh  River,  see  Annual,  1886, 
Part  IV. 


SOUTHEASTERN  PENNSYLVANIA. 

C.  York  and  Adams  counties,  P.  Frazer.  1 folded  map  of  a belt  of  York 
county  through  York  and  Hanover,  6 folded  cross  sections,  and  2 page  plate 
microscopic  slices  of  dolerite.  198  pp.  1876.  (Note — The  colored  geological 
county  map  of  York  is  published  in  the  Atlas  to  C 3.) 

C 2.  York  and  Adams  counties  (South  Mountain  rocks,  iron  ores,  etc.),  P. 
Frazer.  1 general  map  of  the  district,  10  folded  cross  sections,  and  5 page 
plates.  400  pp.  1877.  (Note — The  colored  geological  county  map  of  Adams  is 
published  in  D 5.) 

C 3.  Lancaster  county,  P.  Frazer.  9 double  page  lithographic  views  of  slate 
quarries  and  Indian-pictured  rocks,  1 plate  of  impressions  on  slate,  and  1 page 
plate  microscopic  section  of  ti'ap,  and  an  atlas.  350  pp.  1880. 

(C  3)  Atlas  of  13  sheets;  Colored  g'eological  map  of  York  county;  col- 
ored geological  map  of  Lancaster  county;  Susquehanna  River  section.  (Sheets 
1,  lA,  2,  2A,  3,  4);  Lancaster  section;  Pequea  section;  Muddy  Run  section; 
Chestnut  Hill  mines;  Gap  Nickel  mine. 

C 4.  Chester  county;  general  description,  214  pp.,  J.  P.  Lesley;  Field  notes  in 
the  townships,  139  pp. , P.  Frazer.  Colored  geological  county  map,  photo- 
graphic view  of  contorted  schists,  and  12  page  plates.  394  pp.  1883. 

C 6.  Delaware  county,  C.  E.  Hall.  Colored  geological  county  map;  30  photo- 
graphic page  plate  views  of  granite  quarries,  kaolin  pits,  etc.,  and  4 page 
plates  of  altered  mica.  128  pp.  1885.  See  Annual  Report,  1885,  for  Kaolin 
report, 

C 6.  Philadelphia  and  the  southern  parts  of  Montgomery  and  Bucks  coun- 
ties, C.  E.  Hall.  Colored  geological  map  of  the  belt  of  country  between  Tren- 
ton and  Delaw'are  county  (in  3 sheets),  a sheet  of  colored  cross  sections  and 
24  cuts  in  text.  145  pp.  1882. 

(C  7)  Atlas  to  report  on  Bucks  and  Montgomery  counties,  containing  12 
sheets  of  topographical  map  of  the  Neshaminy,  Tohickon  and  Perkiomen 
water  basins  by  the  Philadelphia  Water  Department  on  a scale  of  1,600  feet  to 
1 inch,  1-19600  of  nature.  1887. 

E.  Part  I (historical  introduction  to)  of  a report  on  the  Azoic  rocks,  T.  S. 
Hunt.  253  pp.  1878. 

For  report  on  the  kaolin  deposits  of  Chester  and  Delaware  counties,  see 
Annual  Report,  1885. 

For  report  on  the  Serpentines  of  Radnor  township,  Delaware  Co.,  etc.,  see 
Annual,  1886,  Part  IV. 

See  also  Grand  Atlas,  Div.  V,  Pt.  I,  under  Northeastern  and  Middle  Penn- 
sylvania. 
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CO-OPEKATIVE  WORE  J5ETWEEX  THE  TORI )GRAPI1IC  AXJ) 
GEOLOGIC  SURVEY  CO:\[MlSSION  OF  PEXXSYLVAXIA 
AXI)  THE  EXITED  STATES  GEOLOGICAL  SURVEY. 


A iiniiibev  of  years  after  the  discoiitimiance  of  the  Second  Geo- 
logical Survey  of  Peinisylvania  the  people  of  the  State  began  to 
appreciate  the  desirability  of  having  an  accurate  topographical  map, 
and  as  the  United  States  Geological  Survey  had  offered  to  co-opei-ate 
with  any  of  the  States  which  wished  to  carry  on  geologic  and  tojK)- 
graphic  work,  the  Legislature  passed  an  act  April  28,  ISlffl,  authoriz- 
ing a Topographic  and  Geological  Survey  of  the  State  in  co-o])era- 
tion  with  the  United  States  Geological  Survey.  This  act  authorized 
the  Governor  to  a])point  a coinniission  of  three  citizens  of  the  State, 
who  should  serve  without  })ay,  but  with  all  necessary  expenses  paid 
out  of  the  State  Treasury,  and  ivho  should  have  ])ower  to  arrange 
with  the  Director  of  the  United  States  Geological  Survey  for  the 
execution  of  the  pur])ose  of  Uie  act.  For  the  prosecution  of  1his 
Survey  the  sum  of  was  apj)ropriated  for  the  year  ISO!),  and 

|!2(),0(t0  for  the  year  1!)()0,  on  the  condition  that  these  sums  should 
be  duplicated  by  the  United  States  Geological  Suney.  The  Gov- 
ernor appointed  Geo.  W.  IMcXees,  Simon  Ilarrold  and  Fred.  D. 
Barker  as  Topographic  Survey  Commissioners,  and  on  July  12,  ISOO, 
they  entered  into  an  agreement  with  the  Director  of  the  United 
States  Geological  Survey  for  co-operative  topogra{»hic  and  geologic 
work.  Under  the  terms  of  this  agreement,  the  expense  of  the  field 
work  of  all  kinds  and  of  the  office  work  in  the  ])reparation  of  the 
manuscript  nia]>s  and  the  re]>orts  of  the  geologic  work  is  borne 
jointly  by  the  United  States  Geological  Survey  and  the  State  of 
Pennsylvania,  but  all  additional  work  and  expense  incident  to  the 
])rinting  of  the  maps  and  re])orts  is  borne  by  the  Tbiited  States  Geo- 
logical Survey  alone.  The  scientific  control  of  this  work  rests  en- 
tirely with  the  Director  of  the  Federal  Survey,  but  the  order  in 
which  the  work  shall  be  undertaken  in  the  State  is  determined  by 
agreement  with  the  Commission.  The  supervision  of  the  co-o]iera- 
tive  geologic  work  in  Pennsylvania,  from  its  ince])tion  in  1900,  has 
been  in  charge  of  IM.  R.  Campbell,  who  gave  it  active  field  supervision 
until  1904.  Since  tliat  time  Geo.  H.  Ashley  has  been  actively  in 
charge. 

Geologic  field  work  on  the  co-operative  }>lan  began  July  1,  1900, 
Operations  since  that  date  are  brietiy  recorded  as  follows: 

Field  Fcason  1900. — The  Uniontown  and  Masontown  quadrangles 
were  mapped  by  M.  R.  Cam])bell,  assisted  by  J.  D.  Irving  and  IM.  L. 
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Fuller.  On  the  completion  of  that  work,  the  party  moved  to  the 
Gaines  and  Elkland  quadrangles  September  1,  where  they  were 
joined  by  Chas.  Butts,  who  had  for  some  time  been  studying  the 
geology  of  the  adjacent  regions  of  New  York,  and  by  Win.  C.  Alden, 
who  mapped  the  glacial  geology  of  those  quadrangles.  Mr!  Fuller 
also  examined  the  Gaines  oil  field,  just  south  of  the  Gaines  quad- 
rangle, and  prepared  a report  on  it. 

Field  Season  1901. — The  Brownsville  and  Connellsville  quadrangles 
were  sui-veyed  by  M.  R.  Campbell,  assisted  by  Chas.  Butts,  L.  H. 
Woolsey  and  L.  C.  Glenn.  Later  in  the  season  Mr.  Campbell  sur- 
veyed the  Latrobe  quadrangle,  assisted  by  Mr.  Woolsey  and  G.  B. 
Richardson.  Mr.  Richardson  mapjied  the  Indiana  <iuadrangle,  and 
Mr.  Fuller,  assisted  by  F.  G.  Clapp,  did  further  work  on  the  Elkland 
and  Tioga  quadrangles.  Later  in  the  season  work  on  the  Kittanning 
quadrangle  was  begun  by  iMessrs.  Campbell,  Butts  and  Woolsey. 

Field  Season  1902. — The  Kittanning  and  Rural  Valley  quadrangles 
were  completed  by  Mr.  Butts.  The  Waynesburg  quadrangle  was 
mapped  by  R.  "iV.  Stone,  assisted  by  M.  I.  Gohhnan.  After  the  com- 
pletion of  the  Waynesburg,  Mr.  Stone  studied  the  Elders  Ridge 
quadrangle,  and  was  joined  in  the  field  mapping  at  the  close  of  the 
season  for  three  weeks  by  Mr.  Woolsey  and  one  week  by  Mr.  Butts. 
Mr.  Woolsey  spent  the  season  on  the  Beaver  quadrangle,  assisted 
during  the  latter  part  of  the  summer  by  Mr.  Goldman.  Mr.  Camp- 
bell completed  the  Latrobe  quadrangle  and  supervised  the  work  of 
the  other  parties.  In  the  jjrogress  of  the  topographic  work  in  the 
Iloutzdale  quadrangle,  A.  C.  Roberts  made  numerous  notes  on  the 
geologic  features,  including  the  location  of  several  faults,  and  pre- 
pared a preliminary  areal  geologic  map. 

Field  Season  1903. — The  Barnesboro  and  Patton  quadrangles  were 
map])ed  liy  Mr.  Campbell,  assisted  l)y  J.  S.  Burrows,  F.  G.  Clapp 
and  Geo.  II.  Ashley.  Mr.  Clapj)  and  Mr.  Ashley  surveyed  the  Ciir- 
wensville  quadrangle  during  July  and  August.  The  Ebensburg  quad- 
rangle was  studied  by  Mr.  Butts^,  assisted  by  W.  C.  I’halen.  Addi- 
tional work  was  done  upon  the  Beaver  quadrangle  by  Mr.  Clapp  dur- 
ing May  and  June.  Late  in  the  season  R.  W.  Stone  completed  the 
field  work  on  the  Elders  Ridge  quadrangle. 

Field-  Season  lOOI/.  During  the  first  part  of  the  season,  F.  G. 
Clapp  and  F.  W.  DeWolf  studied  the  Amity,  and  later,  the  Rogers- 
ville  quadrangles.  On  October  20  Mr.  Clapp  began  the  study  of  the 
Iloutzdale  quadrangle,  in  which  he  was  joined  in  November  by 
IMessrs.  Ashley,  Phalen  and  DeAYolf.  This  year,  for  the  first  time, 
the  method  Avhich  AV.  T.  Griswold  had  been  using  successfully  in 
Ohio  of  taking  fiy-level  notes  on  the  geologic  outcrops  while  leveling 
over  the  quadrangles  for  to]»ography,  ivas  tried  in  Pennsylvania,  the 
Burgettstown  being  so  surveyed  b}'  l\Ir.  Griswold  and  I\I.  J.  Munn. 
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Field  Season  1905.  Tlie  study  of  the  Houtzdale  quadrangle  was 
continued  by  Geo.  H.  Ashley,  David  White  and  W.  0.  Fhalen.  Mr. 
White,  who  is  the  Survey’s  specialist  on  the  Coal  Measure  fossils, 
accompanied  Mr.  Ashley  over  parts  of  the  northeast  corner  of  the 
Curwensville  and  northwest  corner  of  the  lloutzdale  quadrangles 
and  adjacent  regions,  to  determine  the  age  and  j)resence  of  some 
of  the  lower  formations.  The  fact  that,  so  far  as  known,  there  are 
more  faults  in  the  Houtzdale  quadrangle  than  in  all  the  rest  of  the 
State  of  Pennsylvania  west  of  the  Allegheny  Front,  renders  the 
tracing  of  the  outcrops  and  the  determination  of  the  structure  diffi- 
cult and  uncertain  in  this  area.  From  May  1 to  June  11)  Edwin  F. 
Lines  was  in  the  field  collecting  well  records  and  locating  wells  on 
the  Parnesboro.  Patton,  Amity,  Rogersville,  Claysville  and  Carnegie 
quadrangles.  During  July  he  made  special  study  of  the  clay  re- 
sources of  the  Kittanning  and  Rural  Valley  quadrangles.  The  geology 
and  topography  of  the  Claysville  quadrangle  was  mapped  by  M.  J. 
Munn,  assisted  by  F.  M.  Hutchinson,  and  data  collected  for  a bulletin 
on  the  gas  and  oil  fields  in  the  quadrangle.  AV.  T.  Griswold  spent 
three  months  mapping  the  topography  and  began  the  study  of  the 
geology  of  the  Clarion  quadrangle,  using  the  precise  level  methods 
of  doing  the  geologic  work  which  had  been  developed  by  him  in  Ohio. 
The  Punxsutawney  quadrangle  was  studied  during  August  and 
September  by  G.  H.  Ashley,  E.  F.  Lines  and  F.  B.  Peck.  The  geologic 
map  of  the  New  Castle  quadrangle  was  begun  by  F.  AV.  DeAVolf,  July 
7 and  completed  about  November  1.  F.  G.  Clapp  consulted  with  him 
on  the  glacial  deposits  for  two  weeks,  and  Air.  Ashley,  on  the  gen- 
eral geology  of  the  quadrangle  for  the  same  length  of  time.  In  De- 
cember, R.  AA^  Stone  and  F.  AA^  DeAVolf  spent  two  weeks  in  Greene 
county  in  getting  data  needed  to  complete  the  geology  for  a bulletin 
on  the  oil  and  gas  fields  of  that  county. 

Field  Season  1906. — Geo.  H.  Girty  spent  six  weeks  during  this 
season  studying  the  rehitions  of  the  Devonian  and  Carboniferous 
beds  in  New  York  and  Pennsylvania.  The  survey  of  the  Johnstown 
quadrangle  was  completed  by  W.  C.  Phalen,  assisted  by  Lawrence 
Martin.  The  survey  of  the  Clarion  quadrangle  was  nearly  completed 
by  E.  F.  Lines,  and  AI.  J.  Alunn  sj)ent  five  months  niap])ing  the 
topography  and  geology  of  the  Sewickley  quadrangle.  Additional 
work  was  done  on  .the  Punxsutawney,  Curwensville  and  Houtzdale 
quadrangles  by  Air.  Ashley,  and  two  weeks  or  less  spent  with  each 
of  the  other  field  paidies.  Economic  data  was  collected  by  F.  B. 
Peck  and  R.  AA^.  Stone  for  a report  on  the  mineral  resources  of 
AAAshington  county.  This  work  has  since  been  suspended. 

Field  Season  1907. — G.  H.  Ashley  did  additional  work  on  the 
Punxsutawney  and  Houtzdale  quadrangles,  and  practically  com- 
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pleted  the  same.  He  also  visited  tlie  other  held  parties.  E.  Lines 
spent  a month  and  a half  completing  the  Clarion  quadrangle.  M.  J. 
Munn  spent  three  weeks  on  the  Clarion,  studying  the  oil  and  gas  of 
that  quadrangle;  three  weeks  on  the  Claysville,  completing  work 
for  folio  publication,  three  weeks  on  the  vSewickley  quadrangle  in 
preparation  for  both  folio  and  an  oil  and  gas  bulletin,  and  the  re- 
mainder of  the  season  on  the  Carnegie  quadrangle;  and  Chas.  Butts 
began  and  completed  the  survey  of  the  Vtarren  quadrangle.  The 
Carnegie  quadrangle  was  surveyed  by  G.  C.  Martin,  F.  B.  Peck  and 
M.  J.  Munn. 


PITI5LICAT10NS  ON  RESULTS  OF  ItECENT  CO-OPERATIVE 
SURVEY  IN  PENNSYLVANIA,  AND  OTHER  PLH5LK.1ATIONS 
BY  U.  S.  GEOLOGICAL  SURVEY  IN  PENNSYLVANIA. 


COAL. 

Anthracite  coal  mining',  by  H.  M.  Chance.  Mineral  Resources  U.  S.  for  1883 
and  1884,  1885,  pp.  104-131. 

Stratigraphy  of  the  bituminous  coal  field  in  Pennsylvania,  Ohio,  and  West 
Virginia,  by  I.  C.  White.  Bull.  No.  65,  1891,  pp.  212. 

The  stratigraphic  succession  of  the  fossil  floras  of  the  Pottsville  formation 
in  the  southern  anthracite  coal  field,  Pennsylvania,  by  David  White.  Twen- 
tieth Ann.  Rept.,  pt.  2,  1900,  pp.  854-857. 

An.  account  of  the  occurrence  of  the  Lykens  coals  in  Stony  Mountain  and  in  the  Dauphin 
basin. 

The  Pennsylvania  anthracite  coal  field,  by  H.  H.  Stoek.  Twenty-second 
Ann.  Rept.,  pt.  3,  1902,  pp.  55-117. 

The  bituminous  coal  field  of  Pennsylvania,  by  David  White  and  M.  R. 
Campbell.  Twenty-second  Ann.  Rept.,  pt.  3,  1902,  pp.  127-200. 

Masontown-Uniontown  folio,  Pennsylvania,  description  by  M.  R.  Campbell. 
Geologic  Atlas  U.  S. , folio  82,  1902,  pp.  10-18. 

Gaines  folio,  Pennsylvania,  New  York,  description  by  M.  L.  Fuller.  Geologic 
Atlas  U.  S.,  folio  92,  1903,  p.  9. 

Elkland-Tioga  folio,  Pennsylvania-New  York,  description  by  M.  L.  Fuller, 
W.  C.  Alden.  Geologic  Atlas  U.  S.,  folio  93,  1903. 

Brownsville-Connellsville  folio,  Pennsylvania,  description  by  M.  R.  Camp- 
bell. Geologic  Atlas  U.  S. , folio  94,  1903,  pp.  11-17. 

Recent  work  in  the  bituminous  coal  field  of  Pennsylvania,  by  M.  R.  Campbell. 
Bull.  No.  213,  1903,  pp.  270-275. 

The  Barnesboro-Patton  coal  field  of  central  Pennsylvania,  by  J.  S.  Burrows. 
Bull.  No.  225,  1904,  pp.  295-310. 

The  Elders  Ridge  coal  field,  Pennsylvania,  by  R.  W.  Stone.  Bull.  No.  225, 
1904,  pp.  311-324. 

Coal  mining  along  the  southeastern  margin  of  the  Wilmore  basin,  Cambria 
county.  Pa.,  by  Charles  Butts.  Bull.  No.  225,  1904,  pp.  325-329. 


PLATE  III.  Key  map  showing  covered  by  recent  geologic  work  in  Pennsylvania. 


STATE  OF  PENlSrSYLVANIA. 


103 


Indiana  folio,  Penn,sylvania,  description  by  G.  B.  Richardson.  Geologic 
Atlas  U.  S.,  folio  102,  1804,  pp.  4-6. 

Latrobe  folio,  Pennsylvania,  description  by  M.  R.  Campbell.  Geologic  Atlas 
U.  S.,  folio  no,  1904,  pp.  12-15. 

Kittanning  folio,  Pennsylvania,  description  by  Charles  Butts.  Geologic  Atlas 
U.  S.,  folio  115,  1904,  pp.  12-13. 

Mineral  resources  of  the  Elders  Ridge  quadrangle,  Pennsylvania,  by  R.  W. 
Stone.  Bull.  No.  256,  1905.  Coal,  pp.  31-54.  Coke,  p.  55. 

Pittsburg  coal  in  the  Burgettstown  quadrangle,  Pennsylvania,  by  W.  T. 
Griswold.  Bull.  No.  260,  1905,  pp.  402-410. 

Waynesburg  folio,  Pennsylvania,  description  by  R.  W.  Stone.  Geologic  Atlas 
U.  S.,  folio  121,  1905,  pp.  9-10. 

Elders  Ridge  folio,  Pennsylvania,  description  by  R.  W.  Stone.  Geologic 
Atlas  U.  S.,  folio  123,  1905,  pp.  7-9. 

Rural  Valley  folio,  Pennsylvania,  by  Charles  Butts.  Geologic  Atlas  U.  S., 
folio  125,  1905,  pp.  7-10. 

Ebensburg  foiio,  Pennsylvania,  description  by  Charles  Butts.  Geologic  Atlas 
U.  S.,  folio  133,  1905,  pp.  7-9. 

Beaver  folio,  Pennsylvania,  description  by  L.  H.  Woolsey.  Geologic  Atlas 
U.  S.,  folio  134,  1905,  pp.  11-12. 

Economic  geoiogy  of  the  Kittanning  and  Rural  Valley  quadrangles,  Pennsyl- 
vania, by  Charles  Butts.  Bull.  No.  279,  1906.  Coal,  pp.  44-102. 

Clearfield  coal  field,  Pennsylvania,  by  G.  H.  Ashley.  Bull.  No.  285,  1906,  pp. 
271-275. 

The  Punxsutawney  and  Glen  Campbell  coal  fields  of  Indiana  and  Jefferson 
counties.  Pa.,  by  F.  B.  Peck  and  G.  H.  Ashley.  Bull.  No.  285,  1906,  pp.  276-279. 

Economic  geology  of  the  Beaver  quadrangle,  Pennsylvania  (southern  Beaver 
and  northwestern  Allegheny  counties),  by  L.  H.  Woolsey.  Bull.  No.  286,  1906. 
Coal,  pp.  26-55. 

Economic  geology  of  the  Amity  quadrangle,  eastern  Washington  county, 
Pennsylvania,  by  F.  G.  Clapp.  Bull.  No.  300,  1907.  145  pp. 

Amity  folio,  Pennsylvania,  description  by  F.  G.  Clapp.  Geologic  Alias  U.  S., 
folio  144,  1907,  pp.  12-13. 

Rogersviile  folio,  Pennsylvania,  description  by  F.  G.  Clapp.  Geologic  Atlas 
U.  S.,  folio  146,  1907,  pp.  12-14. 

Coals  of  the  Clarion  quadrangle.  Clarion  county,  E.  F.  Lines.  Bull.  316,  1907, 
pp.  13-19. 

Coal  resources  of  Johnstown  and  vicinity,  W.  C.  Phalen.  Bull.  316,  1907, 
pp.  20-41. 

TECHNOLOGICAL. 

Preliminary  report  on  the  operations  of  the  coal-testing  plant  of  the  United 
States  Geological  Survey  at  the  Louisiana  Purchase  Exposition,  St.  Louis,  Mo., 
1894,  E.  W.  Parker,  J.  A.  Holmes,  M.  R.  Campbell,  committee  in  charge.  Buil. 
No.  261,  1905.  172  pp. 

Survey  work  on  coal  during  1905,  by  M.  R.  Campbell.  Bull.  No.  285,  1906,  pp. 
203-210. 

Gives  a short  account  of  geologic  work  on  coal  areas  in  1905,  of  the  work  of  the  fuel-testing 
division,  and  of  the  classification  of  coals. 

Preliminary  report  on  the  operations  of  the  fuel-testing  plant  of  the  United 
States  Geological  Survey  at  St.  Louis,  Mo.,  1905.  J,  A.  Holmes,  in  charge.  Bull. 
.No.  290,  1906.  240  pp. 
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Report  on  the  operations  of  the  coal-testing  plant  of  the  United  States  Geo- 
logical Survey  at  the  Louisiana  Purchase  Exposition,  St.  Louis,  Mo.,  1904.  E. 
W.  Parker,  J.  A.  Holmes,  M.  R.  Campbell,  committee  in  charge.  Prof.  Paper 
No.  48,  1906.  (In  three  parts.)  1,492  pp. 


PETROLEUM  AND  GAS. 

The  Nineveh  and  Gordon  oil  sands  in  western  Greene  county.  Pa.,  E.  G. 
Clapp.  Bull.  285,  1906,  4 pp. 

The  Gaines  oil  field  in  northern  Pennsylvania,  M.  L.  Fuller.  22nd  Annual, 
Pt.  HI,  1902,  54  pp. 

The  Hyner  gas  pool,  Clinton  county.  Pa.,  M.  L.  Puller.  Bull.  225,  1904,  3 pp. 
Geology  of  oil  and  gas  fields  in  Steubenville,  Burgettstown,  and  Claysville 
quadrangles,  Ohio,  West  Virginia,  and  Pennsylvania,  W.  T.  Griswold  and  M. 
J.  Munn.  Bull.  318,  1907,  196  pp. 

Oil  and  gas  fields  of  eastern  Greene  county.  Pa.,  R.  W.  Stone.  Bull.  225,  1904, 

16  pp. 

Oil  and  gas  fields  of  Greene  county.  Pa.,  R.  W.  Stone  and  F.  G.  Clapp.  Bull. 
304,  1907,  110  pp. 


CLAY  AND  SHALE. 

White  clays  of  South  Mountain,  G.  W.  Stone.  Bull.  315,  1907,  13».pp. 

Clays  and  shales  of  the  Clarion  quadrangle.  Clarion  county,  E.  F.  Lines. 
Bull.  315,  1907,  9 pp. 

Clays  and  shales  of  southwestern  Cambria  county,  W.  C.  Phalen  and  Law- 
rence Martin.  Bull.  316,  1907,  11  pp. 

Notes  on  clays  and  shales  in  central  Pennsylvania,  G.  H.  Ashley.  Bull.  285, 
1906,  2 pp. 

Clays  of  the  Ohio  Valley  in  Pennsylvania,  L.  H.  Woolsey.  Bull.  225,  1904, 

17  pp. 

SANDSTONE,  LIMESTONE  AND  OTHER  MINERALS. 

The  slate  industry  of  Slatington,  Pa.,  and  Martinsburg,  W.  Va.,  T.  N.  Dale. 
Bull.  213,  1903,  3 pp. 

Brownstones  of  Pennsylvania,  T.  C.  Plopkins.  18th  Annual,  Pt.  V,  1897, 

18  pp. 

Magnetite  deposits  of  the  Cornwall  type  in  Berks  and  Lebanon  counties, 
A.  C.  Spencer.  Bull.  315,  1907,  5 pp. 

Limestones  of  southwestern  Pennsylvania,  F.  G.  Clapp.  Bull.  249,  1905,  52  pp. 
Cement-rock  deposits  of  the  Lehigh  district,  E.  C.  Eckel.  Bull.  225,  1904, 

2 pp. 

Barite  in  southern  Pennsylvania,  G.  W.  Stose.  Bull.  225,  1904,  2 pp. 

Mineral  paint  ores  of  Lehigh  Gap,  E.  C.  EckeL  Bull.  315,  1907,  3 pp. 
Phosphorus  ore  at  Mount  Holly  Springs,  G.  W.  Stose.  Bull.  315,  1907,  10  pp. 

A phosphate  prospect  in  Pennsylvania,  M.  C.  Ihlseng.  17th  Annual,  Pt.  HI, 
1896,  2 pp. 

Slate  Deposits  and  Slate  Industry  of  the  United  States,  T.  N.  Dale,  Bull. 
375,  1906,  pp.  75-88. 
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METHODS  OF  (JEOLOOICAL  WOlHv. 


At  the  present  time  two  methods  of  field  work  are  being  used  in 
Pennsylvania  by  the  United  States  Geological  Survey. 

In  the  first,  which  is  the  method  used  all  through  the  coal  fields 
of  the  eastern  and  central  States,  the  topographic  map  jirei'ionsly 
made  is  assumed  to  be  approximately  correct,  and  the  position  and 
elevation  of  outcropping  rocks  are  determined  from  their  recognized 
position  on  the  map,  the  elevation  being  constantly  checked  by 
barometric  readings  from  leveled  points,  or  bench  marks,  or  by  the 
use  of  the  hand  level.  By  this  method  the  elevation  of  any  bed 
may  be  determined  to  within  20  feet,  if  the  tojiographic  ina])  of  the 
immediate  neighborhood  is  correct  within  one-half  that  limit  of 
error.  As  the  older  to{)ogra])hic  maps  are  liable  to  have  a greater 
limit  of  error  at  a distance  from  the  lines  leveled  over,  it  has  con- 
servatively been  assumed  that  elevations  so  obtained  did  not  warrant 
the  drawing  of  structure  contours  at  closer  than  50  feet.  The  essen- 
tial feature  of  this  method  is  that  the  area  to  be  surveyed  is  covered 
with  a close  network  of  traverse  lines  along  which  notes  are  so 
taken  as  to  form  the  basis  of  profiled  geologic  sections  on  which  are 
shown  all  the  observable  outcrops,  drillings,  and  other  data  to  be 
obtained  on  or  adjacent  to  each  such  line.  These  lines  are  run  at 
not  more  than  one  mile  apart  and  as  much  nearer  together  as  may 
be  necessary,  and  are  supplemented  by  short  side  lines  to  mines, 
wells,  observed  or  reported  outcrops,  or  by  lines  which  follow  the 
outcrop,  or  the  resulting  debris  of  some  selected  stratum  around  the 
slope  of  the  hill  where  it  is  necessary  in  order  to  make  correlations 
between  adjacent  traverse  lines.  As  the  result  of  years  of  sugges- 
tions and  criticisms,  the  methods  of  note-taking  and  recording  ob- 
servations have  been  systematized  so  that  commonly  from  10  to  25 
miles  or  more  of  such  ti’averses  are  run  in  one  day  by  one  man, 
when  there  are  not  involved  mine  examinations  or  a large  amount 
of  locating  wells  and  other  side  work.  On  account  of  the  large 
amount  of  time  required  in  securing  well  records  and  in  locating 
them,  examination  of  mines  and  the  study  and  coj)ying  of  mine 
maps,  and  other  work  of  that  nature,  the  average  for  any  season 
will  of  course  be  much  lower. 

Since  the  beginning  of  the  work  in  Pennsylvania  there  has  been 
a steady  tendency  to  raise  its  character  in  two  ways — first,  in  giving 
more  attention  to  the  purely  economic  side  of  the  work,  snch  as  the 
workability  of  the  coal  beds,  the  existence,  position  and  character 
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ol“  economic  deposits  of  clays,  sandstones,  limestones,  et  cetera.  This 
side  of  Ihe  work  has  increased  to  snch  an  extent  that  recently  it 
has  been  found  desirable  to  ])repare  economic  bulletins  on  the  areas 
survejed  to  prevent  overbalancing  in  the  folios.  The  economic  bul- 
letins will  have  the  added  advanlage  in  the  future  of  (juick  ]uiblica- 
tion,  and  convenient  form  for  use  in  the  Held  or  ollice.  The  second 
tendency  has  been  increased  accuracy  in  the  determination  of  the 
geology.  This  is  in  ]>art  possible  through  the  constant  raising  of 
the  grade  of  the  topogra])hic  maps  used  as  a base  and  in  part  at- 
tained by  the  more  fre(pient  use  of  the  hand  level  in  place  of  the 
barometer. 

In  certain  areas  an  entirely  different  method  of  work  has  been 
introduced.  In  these  areas  the  following  factors  exist: 

(1)  There  are  oil  and  gas  deposits,  or  coal  beds  of  large  economic 
imjtortance;  (2)  the  strata  maintain  very  constant  thickness;  (2)  the 
strata  ha\e  characteristics  by  which  they  may  generally  be  recog- 
nized at  sight  when  tluu'r  ap]>roximate  stratigrai)hic  j>osition  is 
known;  (4j  where  the  dips  are  usually  slight,  ami  (5)  wheu‘  outcroi)S 
are  abundant  and  clean.  This  method  consists  in  combining  the 
geologic  and  toi)ogra]»hic  woik  to  the  extent  of  having  men  of  some 
geologic  training  run  the  tly  levels  v/hen  that  stage  of  the  toj>o- 
grajdiic  work  is  reached,  making  and  recording  at  the  same  time 
obseinations  on  the  geology.  In  running  these  levels  they  make 
note  of  the  eh'vation  of  all  outcrop'  ' rocks,  ])articularly  those  of 
workable  coals,  or  of  limestones  and  other  rocks  of  which  the  strati- 
grai)iiie  jjosition  is  known.  They  also  run  instrumentally  additional 
side  lines  to  the  to})  of  any  well  of  Avhich  the  record  has  been  or 
it  is  hojied  will  be  obtaiiu'd,  to  the  mouths  of  the  mines,  et  cetera. 

The  advantages  of  this  method  of  work  are  that,  under  the  }>ro]>er 
conditions,  as  stated  above,  it  ])ermits  of  ma])ping  the  outcrops  of 
coals,  clays  or  other  economic  beds  as  accurately  as  the  ])resent 
scale  of  the  Pennsylvania  maps,  1 mile  to  the  inch,  Avili  })ei-mit  of 
shoAving;  and,  second,  it  makes  possible  the  shoAving  of  the  structure 
or  lay  of  any  given  bed,  that  is,  its  elevation  at  any  jioint,  Avhethcr 
(‘xposed  or  hidden,  to  Avithiu  a limit  of  error  Avell  Avithin  10  feet.  In 
determining  the  slructni'e  of  oil  or  gas-bearing  rocks,  Avhere  the  di])S 
are  slight,  as  ovei-  much  of  the  AA'estern  part  of  .Pennsyhania,  AAVst- 
ern  ^Vcst  \'ii-ginia,  or  eastern  Ohio,  this  slight  gain  in  accuracy 
may  greatly  affect  the  value  of  the  ivsidting  infoianation,  enough  so 
as  to  be  Avorlh  many  times  the  added  cost.  It  is  undoubtedly  the 
cheapest  method  of  obtaining  leveled  eleAuitions  on  geologic  features 
yet  devised.  Tn  addition  to  these  direct  economic  results,  this 
strictly  accurate  Avork  is  leading-  to  the  solution  of  cei-tain  theoretic 
([uestions  Avhich  Avib  have  the  highest  future  value.  In  the  lirst 
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place,  this  i\ork  combined  with  tlie  steel  tape  measurement  of  oil 
and  gas  wells,  is  yielding  a mass  of  exact  data  snch  as  has  never 
before  been  i>ossessed,  and  which  now  seems  likely  to  throw  a flood 
of  light  on  the  relation  of  the  oil  and  gas  accnmlnation  to  the  struct- 
ure of  the  rocks.  It  allows  the  determination  of  the  slrnctnre  of 
some  outcropping  rock  with  great  accuracy,  and  then  by  combining 
the  instrumental ly  determined  elevations  of  the  top  of  the  wells  with 
the  steel-tape  measurements  to  the  oil-bearing  sand,  it  is  ]»ossible 
to  obtain  the  structure  of  that  sand  with  an  accuracy  never  before 
attempted  on  a large  enough  scale  to  throw  light  on  the  broad 
problems  involved.  Already  the  fact  that  the  oil  sands  often  have 
quite  a dilYerent  structure  from  that  of  the  rocks  outcrojiping  at  the 
surface  has  not  only  been  ani[)ly  demonstrated,  but  methods  of 
determining  the  divergence  have  been  ’\^■orked  out.  Its  regularity 
or  lack  of  regularity  has  been  studied,  and  plans  devised  for  pro])erly 
projecting  the  surface  structure  down  to  the  level  of  the  oil-bearing 
sand,  at  the  same  time  allowing  for  the  varying  change  of  interval 
between  the  two  }>lanes.  AYitli  the  structure  of  the  oil-bearing  sand 
thus  accurately  determined,  it  is  confidently  hoped  that,  with  the 
accumulation  of  data,  it  will  be  ])ossible  to  perceive  and  demon- 
strate the  exact  relation  of  the  accumulation  of  the  oil  and  gas 
to  the  structure  of  the  i-ock  stratum  containing  them.  When  this 
has  once  been  done,  the  laws  vjrlqrived  will  be  of  incalculalile  value 
in  the  locating  of  future  drilling,  and  ina}-  be  applied  by  any  en- 
gineer. 

A second  theoretic  result  of  future  economic  value  has  been  to 
show,  as  far  as  the  work  has  yet  been  carried  on,  that  in  the  area 
of  one  quadrangle  the  greatest  variation  of  interval  between  certain 
well-recognized  members  of  the  upper  Conemaugh  or  ]\ronongahela 
formations  is  under  20  feet,  and  that  the  average  of  the  intervals 
between  these  members  in  the  townships  of  a,  single  (juadrangle  is 
within  3 feet.  In  190G  this  method  of  work  was  undertaken  for  the 
first  time  in  areas  where  the  outcropping  rocks  belong  in  the  Alle- 
gheny formation  or  Lower  Productive  Measures.  It  is  certainly 
hoped  that  new  light  will  be  thrown  on  the  question  of  the  per- 
sistency of  the  intervals  between  the  various  mend>ers  of  the  Alle- 
gheny. Already  it  appears  ])robable  that  it  will  demonstrate  the 
relative  i»ersistence  of  certain  intervals  as  between  the  Fjuper  Free- 
port or  “E"  coal,  and  the  Lower  Kittanning,  or  “I>”  coal,  and  the 
lack  of  persistency  of  some  of  the  other  intervals.  It  may  lead  the 
way  to  an  understanding  of  the  stratigra])hy  of  the  Allegheny  for- 
mation that  may  be  of  eminent  value  in  future  attenqds  to  trace 
or  develo])  the  coal  and  other  m;  iubers. 

That  it  is  an  ideal  method  of  obtaining  geologic  data  for  jirepar- 
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ing  geologic  maps  of  the  liigliest  grade  of  accuracy  is  evident.  Tlie 
objection  is  the  cost.  The  rnnning  of  lly  levels  recpiires  two  men 
and  is  necessarily  a slow  o]>eration,  the  ])arty  covering  only  about 
one-lifth  as  much  territory  in  a day  as  the  single  geologist  by  the 
first  method.  So  that,  notwilhstanding  that  snch  portion  of  the 
expense  as  it  would  have  cost  to  rnn  the  fly  levels  alone  is  met  from 
fhe  funds  from  topograph}',  yet  the  fact  that  the  traverseman  must 
be  a trained  geologist,  or  at  least  a trained  observer,  backed  np  by' 
a trained  geologist,  renders  the  method  expensive.  To  make  it  worth 
while  aside  from  the  theoretic  value  obtained,  this  method  must 
be  re.stricted  to  regions  whei-e  the  oil  and  gas  or  coal  are  of  large 
economic  valne,  and  ivhere  the  conditions,  as  previously  stated, 
permit  of  doing  work  which  over  the  larger  r)art  of  the  area  surveyed 
will  have  a limit  of  error  or  less  than  20  feet.  The  cost  of  the  field 
work  for  the  geology  is  about  |8.00  per  square  mile.  When  it  is 
considered  that  private  engineers  now  using  the  same  methods  prac- 
tically as  those  used  for  the  Federal  Survey  keep  constantly  busy 
charging  at  least  flOO  jier  square  mile,  it  is  evident  that  the  cost 
is  bnt  a small  fraction  of  that  warranted  by  the  economic  values  of 
the  hind  whei-e  the  proper  conditions  exist.  It  has  alread}'  been 
demonstrated  that  these  conditions  do  exist  over  a large  area  in 
western  Pennsylvania  and  adjacent  regions  in  West  Virginia  and 
Ohio.  It  is  the  policy  of  the  P'ederal  Survey  not  to  undertake  work 
of  this  expensive  nature  except  in  co-operating  States  where  the 
State  will  share  in  the  expense. 
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PHYSIOGRAPHIC  AND  GEOLOGIC  PROVINCES. 

The  Stale  of  Pennsylvania  is  entirely  within  the  Appalachian 
Province.  The  Coastal  l‘lain  extends  only  to  the  Delaware  River 
from  Trenton  to  Philadelphia  and  thence  southwest  to  Baltimore, 
while  the  Appalachian  Proiince  extends  from  the  western  border 
of  the  Coastal  Province  to  the  Mississippi  lowlands.  Therefore,  prac- 
tically the  entire  State,  excepting  jjossibly  a few  square  miles  south 
of  Philadelphia,  is  in  the  A])palachian  Province. 

COASTAL  PROVINCE. 

The  Coastal  Province  borders  the  entire  eastern  part  of  the  North 
American  continent,  and  has  a nearly  uniform  width  of  250  miles. 
It  is  divided  into  two  parts  by  the  present  shore  line — a submerged 
portion  known  as  the  continental  shelf,  and  a snbaerial  i)ortion 
commonly  called  the  Coastal  Plain. 

Continental  Shelf.  The  eastern  half  of  the  Coastal  Province,  the 
continental  shelf,  extends  from  the  present  shore  line  to  a well- 
defined  escarpment  from  5,000  to  10,000  feet  high,  which  generally 
begins  at  a depth  of  450  to  500  feet  below  sea  level,  and  which  is 
found  at  a distance  varying  from  only  a few  miles  to  ->00  miles  off 
the  coast.  This  continental  shelf  is  very  narrow  on  the  east  coast 
of  Florida,  widens  to  150  miles  off  the  coast  of  Georgia,  about  100 
miles  off  the  coast  of  New  York,  and  300  miles  off  the  coast  of  New- 
foimdland.  The  sea  bottom  which  this  shelf  forms  has  a very  regu- 
lar surface  sloping  gently  toward  the  escari)ment  and  marked  only 
by  the  deep-sea  channels  of  old  river  valleys.  Some  of  these  chan- 
nels have  been  traced  by  soundings  from  the  present  shore  line  to 
the  edge  of  the  continental  shelf.  The  channel  opposite  the  mouth 
of  the  Hudson  is  particularly  well  marked  and  has  been  traced  to 
the  edge  of  the  shelf  100  miles  east  of  New  Y''ork  City. 

Coastal  Plain.  The  Coastal  Plain^  which  is  the  subaerial  i>ortion 
of  the  Coastal  Province,  also  varies  considerably  in  width,  but  the 
combined  width  of  the  Coastal  Plain  and  the  continental  shelf  is 
approximately  250  miles.  The  Coastal  Plain  seldom  reaches  400 
feet  in  elevation,  and  is,  for  the  most  part,  less  than  half  that  height. 
From  its  western  boundary,  marked  by  the  falls  in  the  larger 
streanis,  it  slopes  gradually  s:!utheastward.  The  relief  throughout 
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mo.st  of  tlie  plain  necessarily  is  inconsiderable.  Tlirongliont  tlie 
greater  part  of  Ibe  area  the  streams  How  in  open  valleys  at  a level 
only  slighter  lower  than  that  of  the  broad,  fiat  divides.  Ba3's  and 
e.stiiaries  are  numerous  and  represent  the  submerged  valleys  of 
streams  carved  when  the  belt  stood  at  a higher  level. 

The  western  limit  of  the  Coastal  Province  is  a well-marked  physio- 
graphic feature,  ^’\llere  the  rivers  How  from  the  narrow  valleys 
of  the  eastern  edge  of  the  Piedmont  Plateau  out  onto  the  lower 
level  of  the  Coastal  Plain,  they  are  interrupted  bv  falls  which  mark 
the  head  of  navigation.  The  falls  are  on  the  eastern  line  of  outcrop 
of  Ihe  ciwstalline  rocks  which  underlie  the  Piedmont  Plateau.  These 
falls  marking  the  western  limit  of  the  Coastal  Ifiain  are  found  in 
the  Delaware  Kiver  at  Trenton,  in  the  Bchuvlkill  at  Pliiladeljfiiia,  in 
Jones  Creek  at  Baltimore,  and  in  the  Potomac  at  'Washington. 

• 

APPALACHIAN  PROVINCE. 

The  Appalachian  Province  extends  from  the  line  of  falls  in  the 
large  streams  described  as  marking  the  boundary  of  the  Coastal 
Plain  westward  to  the  Mississippi  lowlands  and  from  Canada  to 


Fig.  1. — Diagram  of  northern  portion  of  the  Appalachian 
province,  showing  physiographic  divisions. 


Alabama.  As  a.bove  stated,  practically’  all  of  l*ennsylvania  lies  in 
this  Province.  The  Appalachian  Province  in  I’enns.vlvania  is  di- 
vided into  two  nearly’  equal  parts  Iw  a line  yvhich  folloyvs  the  Alle- 
gheny' Front  across  the  Btate.  East  of  this  line  are  the  Greater 
A])palachian  'Smiley',  and  the  A]>]»alachian  ^Mountains  and  Piedmont 
Plateau,  and  yy’est  of  it,  the  Appalachian  Plateau,  formerly’  called 
the  Allegheny  IMateaus.  The  Greater  A])i>alachian  Valley  comprises 
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in  Pennsylvania  a succession  of  valleys,  naiToiv  ridges  constitnliug 
the  central  district,  while  the  eastern  division  of  the  Province  em- 
braces the  Appalachian  IMountains,  which  border  the  Greater  Val- 
ley and  the  upland  to  the  east,  known  as  the  Piedmont  Plateau.  The 
divisions  of  the  Appalachian  Province  are  shown  in  the  accompa- 
nying figure. 

Piedmont  Plateau.  The  Piedmont  Plateau  extends  from  the 
Coastal  Plain  to  the  eastern  foot  of  the  Appalachian  iMountains. 
On  the  northeast  it  merges  into  the  New  England  Plateau,  and 
on  the  southwest,  curving  with  the  coast,  extends  into  Alabama. 
This  upland  has  a mean  ividtli  of  GO  miles  and  a maximum,  in  the 
central  jiortion,  of  120  miles.  The  Piedmont  Plateau  in  Pennsyl- 
vania is  a diversified  ujiland  of  moderate  elevation  dissected  by 
rather  shallow,  open  valleys,  which  become  narrower  and  more 
deeply  incised  on  the  eastern  margin.  In  Penmsylvania  the  ])lateau 
descends  from  an  elevation  of  SJOO  feet  to  an  average  of  200  feel  near 
Philadelphia.  Above  it  rise  occasional  hills  which  erosion  has  not 
reduced  to  the  level  of  the  plain.  Long  Hill  and  Gibraltar  are  ex- 
amples of  monadnocks  rising  100  to  200  feet  above  the  Piedmont 
Plateau  in  Penmsylvania.  Pock  Pidge  and  Htate  Pidge  are  similar 
monadnocks  on  the  upland  in  ^Maryland.  The  western  limit  of  the 
plateau  is  marked  by  the  Highlands  of  Neiv  York  and  New  Jersey, 
by  Musconetcong,  Lehigh  and  Neversiuk  Mountains,  South  i\Iountaiu 
and  Blue  Ridge. 

The  Greater  Appalachian  Valleij.  All  the  couniiy  between  South 
Mountain  and  Blue  Pidge  on  tlie  east  and  the  Allegheny  Front  on 
the  west  is  embraced  in  the  Greater  A])palachian  Valley.  It  is 
divisible  longitudinally  into  the  Greater  Valley  on  the  east  and  the 
belt  of  Allegheny  Pidges  on  the  west.  The  Greater  Valley  is  known 
as  Shenandoah  Valley  in  Virginia,  HagerstoMui  Valley  in  Maryland, 
and  Cumberland  Valley  in  Penmsylvania. 

The  zone  of  Allegheny  Pidges  occu])ies  the  greater  ])art  of  the 
Greater  Appalachian  Valley.  The  distinctive  features  of  the  toj>og- 
raphy  of  this  zone  are  long,  parallel,  sharp-crested  ridges  and  narrow 
inteiwening  valleys.  These  cross  the  State  from  northeast  to  south- 
west. Minor  ridges  subdivide  the  valleys  lying  between  major  eleva- 
tions. The  major  ridges  are  characterized  by  long,  even,  almost  unin- 
terrupted crest  lines  and  by  uniform  and  l>ut  slightly  dissected 
slopes.  IMarked  parallelism  between  the  ridges  is  a striking  featui-e. 

Cross  x>i’ofiles  of  the  ridges  are  commonly  very  exju-essive  of  the 
internal  structure  or  attitude  of  the  rocks  which  make  them.  Some 
of  the  ridges  are  due  to  the  arching  up  of  resistant  strata,  such  as 
hard,  massive  sandstone  and  quartzite.  Tu  such  case  either  slo])c 
has  its  steepness  controlled  by  the  inclination  of  that  resistant 
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stratum.  ]\Ionoc]iiial  ridges  in  Avliicli  all  the  beds  dip  in  the  same 
direction  are  steep  on  one  side  and  on  the  other  conform  to  the  dip 
of  the  controlling  stratum.  A synclinal  ridge  which  is  a common 
form  in  this  region  has  a trough-like  internal  structure  or  arrange- 
ment of  the  beds.  The  bed  of  resistant  rock  forms  the  crest  of  the 
ridge  and  protects  the  underlying  softer  rock  which  have  been  worn 
away  around  the  edges  of  the  ridge. 

The  area  of  the  higher  ridges  is  less  than  that  of  the  valleys.  The 
average  elevation  of  the  vallei’s  in  the  Greater  Appalachian  Valley 
is  lower  than  the  mean  elevation  of  the  plateau  region  on  the  west. 
All  the  larger  valleys  are  determined  in  position  and  direction  by 
the  arrangement  of  the  more  yielding  rocks.  They  have  been  de- 
veloped snbsecpient  to  the  deformation  of  the  strata  and  are  not 
consequent  upon  the  original  troughs  and  ridges. 

The  courses  of  the  smaller  streams  are  generally  parallel  with  the 
structure.  The  larger  streams  however  do  not  adhere  strictly  to 
this  general  rule  but,  after  llowing  parallel  with  a larger  ridge  for 
some  distance,  turn  abruptly  and  cut  through  the  ridge  in  a narrow 
V-shaped  gorge,  after  which  they  may  again  resume  the  parallel 
course. 

The  Appalachian  Plateau.  (Fonnerlij  Called  the  Allegheny  Pla- 
teaus.) The  westernmost  division  of  the  Appalachian  Province  ex- 
tends from  the  Allegheny  Front  westward  to  the  Mississippi  low- 
lands and  hence  includes  all  Ihe  Avestern  and  northern  part  of  the 
State  of  Pennsylvania.  x\s  the  old  name — Allegheny  Plateaus — im- 
j)lies  the  surface  of  this  division  of  the  Province  is  composed  of  a 
number  of  plateaus.  The  highest  and  most  extensii'e  lies  along  the 
southeastern  margin  of  the  division,  and  extends  from  Alabama  to 
NeAV  York.  Its  altitude  is  about  2,800  feet  on  the  southern  line  of 
Pennsylvania  and  2,300  to  2,400  feet  in  the  central  part  of  the  State. 
The  ])lateau  is  Avidely  develoj^ed  in  the  northern  counties  of  Pennsyl- 
vania and  throughout  southern  Yew  York,  Avhere  in  ranges  in  alti- 
tude from  2,000  to  2,400  feet. 

In  Pennsylvania  this  old  plateau,  knoAvn  as  the  Schooley  pene- 
plain, is  generally  so  dissected  that  only  the  hilltops  mark  its 
former  position.  It  is  tentatiAvly  correlated  Avith  the  Cumberland 
Plateau.  The  next  younger  and  loAver  ]>lateau  Avhich  is  recognized 
in  Pennsylvania  is  the  Harrisburg  peneplain.  It  has  an  altitude  of 
1,200  to  1,300  feet  in  soutliAvestern  Pennsylvania  and  about  2,000 
feet  in  the  northern  part  of  the  State.  In  the  central  and  northern 
j'art  of  the  State  these  tAvo  plateaus  seem  to  approach  each  other 
and  the  separating  escarpment  becomes  lost  in  a maze  of  iimegular 
hills. 

Both  of  these  plateaus,  which  are  believed  to  ha\'e  reached  the 
stage  in  peneplanation  where  the  surface  is  that  of  a plain  across 
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which  the  rivers  flow  in  broad,  shallow  valleys,  are  noiv  so  dissected 
as  to  be  recognizable  only  by  a broad  view  from  a position  at  or 
just  above  their  general  level.  That  this  deeply  dis.sected  region 
once  was  a plain  is  suggested  by  the  general  accordance  iii  elevation 
of  the  hill  and  ridge  summits.  The  whole  western  part  of  the  State 
which  is  included  in  the  area  of  the  Allegheny  Plateaus  is  now  a 
monotonously  hilly  country.  The  drainage  system  is  a fine  network 
which  has  broken  up  the  old  plains  into  a mass  of  irregular  ridges 
having  no  common  trend  or  .systematic  arrangement,  and  the  val- 
leys commonly  are  narrow  and  several  hundred  feet  lower  than  the 
crests  of  the  intervening  ridges. 


GEOLOGY  OF  THE  PPvOVIXGES. 


COASTAL  PROVINCE. 

The  hard  rocks  underlying  the  (Coastal  Province  at  an  unknown 
depth  are  concealed  by  unconsolidated  deposits  of  gravel,  sand  and 
clay,  which  were  laid  down  in  a marine  estuary  and  along  the  former 
coast  line  during  Cretaceous  time.  Nothing  is  known  about  these 
deposits  on  the  continental  shelf  or  that  part  of  the  Coastal  Prov- 
ince which  is  east  of  the  present  shore  line  and  submerged,  but  where 
exposed  on  the  Coastal  Plain  they  are  the  Patapsco  and  Earitan 
formations  of  the  Lower  Cretaceous,  and  Magothy,  Matawan,  Mon- 
mouth and  Rancocas  of  tlie  Upper  Cretaceous.  Oveidying  these  is 
a thin  covering  of  sand  and  gravel  deposited  during  Tertiary  and 
Pleistocene  times.  They  show  that  the  Coasfal  Province  was  sub- 
merged beneath  estuarine  water  during  these  periods. 

APPALACHIAN  PROVINCE. 

Piedmont  Plateau.  The  even  slope  of  the  Piedmont  Plateau  is 
due  to  long-continued  erosion,  and  not  to  rock  structure,  for  the 
underlying  rocks  are  highly  complex.  They  include  greatly  meta- 
morphosed crystalline  material,  and  unmetamorphosed  fragmental 
material.  The  oldest  formation  of  the  Pennsylvania  Piedmont  is 
pre.sumably  of  igneous  origin,  consolidated  from  the  molten  condition. 
Since  consolidation  it  has  been  subjected  to  pressure  and  meta- 
morphism, which  have  produced  an  obscurely  banded  structure. 
Gneiss,  then,  forms  part  of  the  composite  floor  of  the  Piedmont. 
Later  formations,  chiefly  of  sedimentary  origin,  were  accumulated 
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bencnlh  the  sen  wliicli  covered  tliis  ])urt  of  llie  globe,  jind  were  con- 
solidated by  pressure  and  cemenling  material.  Subsequently  they 
have  been  uplifted  and  folded. 

The  first  of  the  sediments  deposited  in  this  interior  gulf  were 
arkosic  and  argillaceous  and  were  deposited  in  pre-l’aleozoic  time. 
Subsequent  coiu]»ression  and  folding  developed  from  them  hard,  crys- 
talline, finely-banded  quartz-feldspar  gneiss,  and  a mica-gneiss.  The 
former  is  intimately  associated  with  the  more  massive  gneiss  de- 
scribed above  and  with  it  forms  the  composite  Baltimore  gneiss, 
while  the  latter  is  known  as  the  ^Vissahickon  mica-gneiss. 

The  pre-Cambrian  orogeuic  movements  which  changed  the  sedi- 
ments to  gneiss  were  accompanied  by  the  intrusion  of  bosses,  sills 
and  dikes  of  molten  matter,  which  altered  the  sediments  and  which 
consolidated  as  granite,  gabbro,  ])yroxenite  and  peridotite. 

At  (he  beginning  of  Ihileozoic  time  a narrow  strait  of  water  lay 
between  Appalachia  and  the  land  on  the  west.  Into  this  sea  were 
brought  the  sediments  which  formed  the  sedimentary  rocks  of  the 
Ap])alachian  Province.  The  deposition  on  the  gneiss  was  succes- 
sively sands,  sands  and  clay,  limes,  and  lastly,  clays.  The  loAver 
]»art  is  chiefly  of  mechanical  origin  and  3,000  feet  thick,  while  the 
ui)i>er  part  is  organic  or  chemical,  and  in  Pennsylvania  0,000  feet 
thick.  These  rocks,  deposited  in  Camlirian  and  Ordoidcian  time, 
extend  over  a consideral)le  portion,  but  not  all,  of  the  Piedmont. 
J)uriug  this  period  the  lauds  were  eroded  to  low  relief  and  the 
waters  of  the  narrow  straight  widened  to  an  inland  sea  Avhich  spread 
eastward,  ])erhaps  beyond  the  present  coast,  and  westivard  to  be- 
yond the  Mississi]*])!.  The  formation  of  limestone,  due  to  chemical 
l»reci])itatiou  or  to  microscopic  organisms,  continued  from  the  Ordo- 
vician over  into  Lower  Silurian  time.  Folding  and  faulting  changed 
the  character  of  these  rocks,  and  they  are  now  the  Chickies  quartzite, 
Shenandoah  limestone  and  Octoraro  mica-schist.  These  crystallized 
sediments  and  igneous  intrusions  constitute  the  foundation  of  the 
Pennsylvania  Picdumnt  Plateau,  but  are  uncovered  only  in  detached 
belts  trending  northeast  and  soutliwest. 

In  a shalloAv  inland  estuary  which  covered  the  central  and  north- 
east ])ortion  of  (his  eroded  crystalline  fioor  of  the  Piedmont  coarse 
and  line  sands  and  mud  accumulated  in  the  Triassic  period.  Con- 
teup'orancously  igneous  material  Avas  intruded  betAAmen  the  beds  of 
sediment,  or  traA’ersed  fissures  in  them,  or  was  poured  out  as  lava 
(loAvs.  These  sediments  Avere  consolidated  and  uplifted  Avithout  being 
metamoi-phosed.  In  Pennsylvania  and  Ncav  Jersey  they  are  known 
as  the  Stockton  and  Lockatong  sandstones  and  BrunsAvick  shale. 
The  conteuqiorary  igneous  intrusiA'cs  are  diabese  and  basalt.  These 
latter  resist  erosion  and  form  ridges,  such  as  the  Palisades  in  New 
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York  ami  Yew  Jer-sev,  1lie  Fir.st  ami  Keeoiul  Watdiiiig'  ^louiilaiiis 
and  Sonrlaml  Monnlain  in  Yew  Jer.sey,  Ilaycoek  Mountain,  lloek 
Ilill,  Long  Hill,  Gibraltar  Hill,  and  many  other  le.s.ser  eminenees  in 
Pennsylvania.  , 

The  Cretaeeous  sediments  whieh  are  so  abundant  on  the  Coastal 
Plain  and  which  consist  of  unconsolidated  gravel,  sand  ami  clay, 
lap  over  upon  the  ea.stern  border  of  the  Pennsylvania  I’iedmont  ami 
conceal  the  underlying  crystalline  floor.  In  scattered  areas  there 
are  remnants  of  sands  and  gravels  belonging  to  the  Tertiary  and 
Ideistocene  periods.  They  show  that  while  the  Coastal  IMain  was 
more  or  less  continuously  under  water  from  Cretaceous  to  Pleisto- 
cene time,  the  Piedmont  Platea.u  was  intermittently  submerged  be- 
neath estuarine  waters  during  these  ])eriods. 

The  same  geologic  structures  ami  fonuatiojis  ajtpear  also  in  the 
Api)alachian  IMountains.  Topogra])hically  the  cliange  is  abrupt  from 
trenched  u])laud  to  tiat-to[)ped  mountains  and  ridges.  Yet  the  moun- 
tains and  ])lateau  ex]»ress  the  same  history. 

GREATER  APPALACHIAN  VALLEY  AND  APPALACHIAN  PLATEAUS. 

Paleozoic  Era.  In  the  valleys  and  narrow  ridges  of  the  Greater 
Ai)palachian  Yalley  the  Hiluriau  and  Devonian  rocks  are  ])rominently 
ex])Osed.  Farther  west  they  are  deeply  buried  under  the  A]>])a 
lachian  IMateaus.  The  sedimeuts  forming  these  rocks  were  de])osited 
in  a nari'ow  trough.  The  Lower  Silurian  limestone  mentioned  alx»ve 
was  followed  by  .3,000  to  4,000  feet  of  shale  and  sandy  shale,  indi- 
cating moderately  slow  erosion  of  the  land  and  rivers  removing 
their  Hood  i)lains.  The  rise  of  xk]>palachia,  or  the  old  land  on  the 
east,  until  the  coast  reached  the  position  of  the  ])resent  mountains, 
was  acconi])anied  by  downbending  along  the  i)resent  Ap])alachiau 
Yalley.  With  the  deepening  of  the  sea  at  one  i)lace  came  the  rise 
of  the  bottom  in  another.  The  sea  floor  ro.se  above  water,  making 
a.  land  area  known  from  its  location  and  .structure  as  the  ^‘Cincin- 
nati Arch.”  Petween  this  new  land  and  A]>palachia  on  the  east 
was  a tiougli  in  which  same  Avaters  loaded  with  mud  and  sand.  The 
red  color  of  the  sediment  indicates  the  dee])ly  oxidized  condition 
of  the  land  from  which  they  came.  As  the  sea  deei)ened  shale  and 
limestone  were  deposited  and  Avere  folloAved  by  Avhite  sandstone. 
After  the  deposition  of  a considerable  amount  of  Avhite  sandstone 
in  the  lower  ]>art  of  the  Silurian,  rising  land  in  Ycav  York  barred 
off  the  St.  LaAvrence  drainage  and  caused  a return  of  ferruginous 
conditions  giving  gray,  red  and  oliA'e-green  shale  and  sandstone 
Avhich  vary  from  2,000  feet  thick  in  Pennsylvania  to  1.000  feet  else- 
AAdiere.  The  slight  variations  in  leiml  during  the  deposition  of  these 
beds  caused  accumulation  of  limestone  and  salt  at  different  iiori- 
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zous.  The  Silurian  i)eriod  closed  with  deposition  of  the  Oriskany 
sandstone,  which  was  deposited  off  a westward-advancing  coast. 

At  the  beginning  of  the  Devonian  period  the  Oriskany  sand  stone, 
which  had  been  raised  above  sea  level,  was  subjected  to  slight  erosion, 
and  on  it  a rich  coral  fauna  built  up  the  Corniferous  limestone. 
That  the  surrounding  land  areas  were  low-lying,  morass-like  and 
covered  with  vegetation,  is  indicated  by  the  next  deposit,  which  is  a 
black  shale  of  remarkably  uniform  character,  and  extreme  regularity 
of  occurrence  throughout  a considerable  area.  This  shale,  which  is 
from  1,400  to  1,500  feet  thick  in  Maryland  and  1,200  feet  thick  in 
New  York,  thins  out  to  a feather  edge  in  northern  Arkansas  and 
Alabama.  It  seems  to  be  a roughly,  oval-shaped  deposit  many  hun- 
dred miles  in  extent,  Avith  a considerable  thickness  along  the  eastern 
margin,  but  thinning  gradually  tOAvard  the  Avest  and  south.  That 
the  sea  in  which  this  black  shale  aatis  deposited  continued  to  deepen 
is  shown  by  the  succeeding  formations,  which  consist  of  sandy 
shale  and  shaly  sandstone  having  a maximum  thickness  of  10,000 
feet  in  Schuylkiil  county,  Pennsylvania.  The  sediments  seem  to  be 
mostly  those  of  shalloAv  AAmter,  but  the  great  thickness  and  recur- 
rence of  similar  conditions  suggest  a fluctuating,  but  continual,  deep- 
ening sea.  These  beds  Avere  iireAuiilingly  red.  FolloAving  their  depo- 
sition fresh-Avater  conditions  probably  x>reA"ailed  throughout  the 
northern  end  of  the  Appalachian  Gulf,  but  the  character  of  the 
material  brought  a change  from  red  to  gray  and  from  clayey  to 
sandy.  The  record  of  this  period,  the  LoAver  Carboniferous,  is  found 
in  the  Pocono  formation  re]»resented  largely  by  the  “Big  Injun” 
sandstone.  As  the  deposition  of  this  coarse,  sandy  material  Avas 
draAving  to  a close  a large  quantity  of  carbonate  of  lime  AAms  dejms- 
ited  Avith  the  sand,  making  Avhat  is  known  in  Pennsylvania  as  the 
Loyalhanna  or  “siliceous  limestone.”  Another  change  in  the  relation 
of  the  lands  to  the  sea  brought  about  a I'eturn  of  conditions  similar 
to  those  in  the  DeA'onian,  and  the  limestone  Avas  coAvred  by  a dejmsit 
of  red  sediments  noAV  knoAvn  as  the  Mauch  Chujik  formation.  The 
great  mass  of  this  formation  is  red  shale,  Avhich  in  eastern  Pennsyl- 
vania reaches  a thickness  of  OAvr  2,000  feet,  a fact  Avhich  indicates 
continuous  subsidence  along  the  axis  of  the  Appalachian  Gulf.  The 
thickness  of  this  formation  decreases  AvestAAmrd.  On  the  Allegheny 
Front,  Avest  of  Altoona,  it  is  180  feet,  while  in  Armstrong  county  and 
further  Avest  the  Mauch  Chunk  is  absent.  This  varying  thickness 
points  to  an  ui>lift  that  raised  above  water  a large  land  area  extend- 
ing from  southern  Ngav  Y^ork  to  Avestern  central  Pennsylvania,  and  as 
far  east,  probably,  as  the  Allegheny  Front.  From  the  Avestern  part 
of  this  area  the  Mauch  Chunk,  and  possibly  the  upper  part  of  the 
Pocono  were  eroded  before  the  deposition  of  the  overlying  Potts- 


state  of  PENN'SYLVANIA. 


117 


ville.  The  great  variation  in  tlie  lliickness  of  the  Pottsville,  accord- 
ing to  inferences  reached  by  David  White  throngh  the  study  of 
fossil  plants,  is  ascribed  to  the  fact  that  at  about  the  beginning  of 
the  Pottsville  epoch  an  uplift  occurred  which  affected  much  of  the 
Ohio  Valley.  A large  land  area  was  formed  that  extended  as  fai- 
east  as  the  Broad  Top  and  Northern  Anthracite  fields.  This  land 
was  persistent  until  at  least  (500  feet  of  Pottsville  sediments  were 
deposited  in  the  Southern  Anthracite  Basin,  and  it  may  have  been 
during  this  time  that  the  Mauch  Chuuk  was  eroded.  The  subsidence, 
Alien,  occurred  continuously  until  unbroken  sedimentation  was  re- 
sumed from  the  anthracite  basins  to  the  westward  edge  of  the  bitumi- 
nous field.  Thenceforth  oscillations  of  the  sea  floor  exposed  it  to 
long  periods  of  at  least  partial  emergence.  Such  periods  are  marked 
by  coal  deposits.  Thus,  the  coal  beds  in  the  Pottsville  represent 
times  when  the  surface  was  low  and  marshy  and  a luxuriant  vege- 
tation grew  upon  it,  while  the  heavy,  cross-bedded  sandstones  or 
conglomerates  represent  j»eriods  of  submergence.  Following  the 
Pottsville  epoch,  periods  of  emergence,  when  plant  life  thrived,  be- 
came more  and  more  frequent,  and  the  sequence  of  sandstones, 
shales,  limestones  and  coal  beds,  known  as  the  Allegheu}’  formation, 
were  deposited.  The  geologic  history  recorded  in  the  sediments  of 
the  Allegheny  formation  tells  of  a series  of  rapidly  alternating  con- 
ditions frequently  repeating  themselves.  Each  group  of  events  be- 
gan by  the  depositioii  of  many  feet  of  shale  and  sandstone,  ])robably 
in  a shallow  sea  near  the  shore.  Then,  either  because  of  an  arid 
climate  or  the  migration  of  the  shore  line,  sedimentation  of  mud 
and  sand  ceased,  and  in  the  resulting  clear  Avaters  carbonate  of 
lime  was  deposited.  After  this  period  of  quiescence  elevation  bi'ought 
the  sea  bottom  to  the  surface  and  luxuriant  ])lant  life  thrived  upon 
the  low-lying  land.  The  deposition  of  the  ATgetable  matter  which 
subsequently  formed  the  coal  beds  closed  each  of  the  frequently 
repeated  periods  in  the  Allegheny.  A similar  series  of  events,  but 
lacking  in  emergence  and  consequent  development  of  a heavy  growth 
of  vegetation,  is  re])resented  in  the  rocks  known  as  the  Conemaugii 
formation.  That  limited  areas  supported  plant  life  for  a short 
time  is  shoAvn  by  coal  beds  of  small  extent  and  thickness,  and  that 
maiune  conditions  prevailed  at  times  in  the  A]q)alachian  Gulf  is 
evidenced  by  the  salt  water  fossils  of  the  Brush  Creek  and  Ames 
limestones.  The  Ames  limestone  marks  the  last  return  to  marine 
conditions  in  the  Appalachian  Basin.  Submergence,  therefore,  pre- 
vailed throughout  this  i*egion,  but  land  areas  somewhere  stood  Ions 
exposed  to  subaerial  weathering,  for  beds  of  red  shale  occur  in  the 
formation. 
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W'itli  the  advent  of  Monongaliela  time  begins  a succession  of  events 
similar  to  those  recorded  in  Allegheny  time.  The  great  period  of 
coal  formation,  whose  widespread  and  long-continued  conditions  are 
shown  by  llie  extent  and  thickness  of  the  Pittsburg  bed,  marks  the 
initiation  of  these  events.  Submergence  of  the  great  and  widespread 
mass  of  vegetation  was  accompanied  and  followed  by  a heavy  depo- 
sition of  sand,  and  subse(]uen11y  several  hundred  feet  of  strata  that 
included  coal  beds  representing  periods  of  emergence,  were  deposited 
until  the  A]»palachian  Sea  was  finally  filled,  and  the  shore  in  eastern 
I’ennsylvania  migrated  westward. 

I’lant  growth  that  formed  the  Waynesburg  coal  wms  followed  by 
another  submergence,  which  closed  the  Monongaliela  eiioch.  An 
accumnlation  of  similar  sediments  followed,  indicating  practically 
a repetition  of  the  Monongaliela  conditions,  except  that  the  periods 
of  emergence  and  development  of  extensive  marshes  covered  with 
vegetation  were  of  shorter  duration.  That  the  change  from  land 
conditions  to  deep  Avater  in  some  instances  was  rapid  is  suggested  by 
the  fact  that  the  Lower  AVashington  limestone,  Avhich  indicates  clear, 
and  jmssibly,  dee]>  Avater,  lies  directly  on  toji  of  the  Washington 
coal.  This  series  of  rather  barren  measures  above  the  Waynesburg 
coal  knoAvn  as  the  Dunkard  Grouj)  seems  to  indicate  in  its  loAver 
jiart  a general  dee])ening  of  the  whole  liasin.  Sedimentation  seems 
to  have  continued  until  the  Appalachian  Gulf  Avas  completely  filled. 
Tlie  rocks  in  the  dee]>er  }iortions  aggregate  an  unknoAvn  thickness, 
]>robably  hundreds  of  feet  more  than  the  thickest  sediments  noAV 
1‘emaining  in  the  hills  of  soutliAAVstern  Pennsylvania.  With  them 
ended  the  Paleo/.oic  de])osition  in  this  part  of  the  Avorld. 

A pjxiIacJi iaii  ]h  cohitio)i.  The  close  of  the  Dunkard  epoch  marks 
not  only  the  end  of  sedimentation  but  also  the  beginning  of  a long- 
continued  series  of  eA’ents  of  an  entii’ely  different  nature.  From  the 
beginning  of  deposition  in  tlie  interior  sea  subsidence  had  been  going 
on  intermittently  and  sediments  had  been  deposited  until  thousands 
of  feet  of  strata  had  accumulated.  From  the  close  of  the  Carbon- 
iferous ]((*riod  until  the  present  time  the  reverse  moA^ement — eleva- 
tion— lias  ]irevailed  in  this  region,  Avhich  has  been  continuously  a 
land  area  since  the  close  of  the  Dunkard  epoch. 

This  change  from  subsidence  to  elevation  knoAvn  as  the  A])])a- 
lachian  Ih'volution  Avas  produced  by  compressiA'e  stresses,  Avhich  re- 
sulted ill  Avar]»ing  the  rocks  into  great  folds.  The  movement  aauis 
most  seA’cre  along  the  eastern  side  of  the  Greater  Appalachian  Val- 
ley, Avhere  the  rocks  Avere  not  only  closely  folded  but  in  many  cases 
metamorphosed.  Tn  the  Allegheny  Plateaus  the  disturbance  Avas 
less  severe  and  the  rocks  Avere  Avarped  into  broad,  comparatiA’ely 
loAv,  folds.  In  a measure,  the  Apiialachian  coal  basin  seems  to  have 
acted  as  a biihvark  against  Avhicli  the  stress  coming  from  the  east 
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CTU.slied  llie  i-oeks  of  the  rieclinoiit  Phiteau  and  Greater  \'alley. 
The  folding  continued  across  the  basin,  but  -with  greatly  decreased 
elfect. 

Mesozoic  Era.  As  the  new  land  surface  rose  gradually  out  of  the 
interior  sea,  owing  to  the  compressive  forces,  erosion  coinmenced, 
and  the  streams  began  to  carve  valleys  and  carry  away  the  sedi 
ments  which  had  been  deposited  during  Paleozoic  time.  This  erosion 
has  been  going  on  continuouslj'  ever  since.  Pefore  the  close  of  the 
Cretaceous  period  the  Appalachian  Province  was  worn  down  to  a 
nearly  horizontal  plain  known  as  the  Schooley  peneplain.  Sulise- 
quently  this  peneplain  was  elevated  to  a height  of  800  feet  or  more 
above  the  sea,  and  its  destruction  began  at  once.  The  harder  rocks 
on  the  greater  folds,  like  Chestnut  Ridge,  were  left  in  relief,  while 
the  softer  rocks  were  again  reduced  to  a fairly  even  surface  called 
the  Harrisburg  jieneplain,  which  has  been  referred  to  early  Tertiary 
time.  It  too,  ivas  elevated,  and  subsequently  eroded.  That  it  was 
raised  unevenly  is  shown  by  the  fact  that  in  the  northern  ytart  of 
the  State  it  is  400  to  700  feet  higher  than  in  the  southern  part.  Sub- 
sequent elevation  and  j)eriods  of  quiessence  have  produced  wide 
valley  floors,  which  in  their  turn  have  been  incised  by  renewed 
elevation  of  the  land,  and  left  as  terraces  above  the  present  Hood 
Iilains. 

During  glacial  times  the  great  continental  ice  sheet  advanced  re- 
peatedly into  northern  Pennsylvania  and  left  in  Its  wake  deposits 
of  sand  and  gravel  of  considerable  extent,  which  mask  the  under- 
lying formations.  During  this  period  some  of  the  rivers  were  over- 
loaded with  detritus,  filled  their  valleys,  and  changed  their  courses. 
Since  that  time  they  have,  in  some  cases,  cut  through  or  below  the 
glacial  material.  The  only  deposition  of  post-Glacial  time  is  the 
alluvium  forming  the  modern  flood  plains,  which  is  de])Osited  by 
the  streams  as  they  overtlow  their  banks  from  time  to  time. 
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RE^'IE^V  OF  GENERAL 
PENNSYLVANIA  IN 


GEOLOGY  OF  SOUTHWESTERN 
JAG  LIT  OF  REGENT  WORK. 


PHYSIOGRAPPIY  OF  SOUTHWESTERN  PENNSYLVANIA,  BY  RALPH  W. 

STONE. 

The  topographic  mapping  ol‘  a considerable  portion  of  sonthwest- 
ern  Pennsylvania  has  made  possible  a study  of  certain  physiographic 
problems  of  such  a broad  character  that  they  could  not  be  well 
undertaken  previous  to  the  preparation  of  such  maps.  They  afford 
an  opportunity  for  the  study  in  the  office  of  the  more  pronounced 
features  and  aid  greatly  in  the  correlation  of  field  observations. 
IJ3'  the  use  of  these  maps  it  has  been  possible  to  confirm  certain  ideas 
that  have  been  developed  concerning  the  physiographic  changes 
which  have  taken  place  in  this  kState. 

Sdiooley  Peneplain.  One  of  the  problems  which  came  to  the  at- 
tention of  the  geologists  working  in  western  Pennsylvania  in  recent 
years  was  the  evidence  of  the  former  existence  of  peneplains.  Study 
of  this  subject  shows  that  with  the  emergence  of  dry  land,  which 
was  the  result  of  the  Appalachian  revolution,  or  uplift,  degredation 
began,  and  when  the  orogenic  forces  gradually  died  out  the  eleva- 
tion of  the  province  ceased.  During  the  long  period  of  quiessence 
which  ensued,  it  is  i)robable  that  the  surface  of  the  Appalachian 
I’rovince  was  eroded  approximately  to  a horizontal  plain  near  sea 
level.  This  is  called  the  Schooley  peneplain.  It  is  believed  that 
it  was  conq)leted  before  the  end  of  (Jretaceous  time.  The  level  crests 
of  many  of  the  ridges  of  the  Greater  Appalachian  Valley,  of  which 
those  just  east  of  the  Allegheny  Fi'out,  in  Blair  county,  are  good 
examples,  may  a])i)roximately  represent  the  surface  of  the  Schooley 
])ene]>lain.  The  remnants  are  so  few,  hoivever,  that  it  will  not  be 
fnrther  discussed. 

Harrid)irrg  Peneplain.  After  the  production  of  the  above-men- 
tioned plain  an  uplift  oecni  red  and  erosion  once  more  became  active. 
With  the  cessation  of  the  uplift  a sufficient  time  elapsed  to  develo]) 
another  ])eneplain  which  became  so  extensive  as  to  almost  obliterate 
the  one  previously  formed.  This  is  called  the  Harrisburg  peneplain 
and  is  believed  to  have  been  developed  in  early  Tertiary  time.  The 
length  of  time  necessary  for  the  growth  of  such  a plain  is  inconceiva- 
ble, but  the  evidence  is  clear  that  such  a plain  was  developed. 
Throughout  all  of  western  Pennsylvania  its  effect  upon  the  topogra- 
phy of  the  present  is  nrarked.  The  general  accordance  in  elevation 
of  hill  summits  or  of  uplands  suggests  to  the  observer  that  the 


Plate  IV.  Map  showing  warped  Surface  of  Harrisburg  (Early  Tertiary)  Peneplain.  Contour  interval,  100  feet. 


STATE  OF  PENNSYLVANIA. 


121 


country,  which  is  now  completely  dissected,  must  have  once  been  a 
broad  plain  into  which  subsequent  elevation  has  caused  the  streams 
to  cut  their  present  valleys.  The  development  of  the  Harrisburg 
peneplain  was  arrested  by  an  uplift  of  unequaled  intensity.  In 
southwestern  Pennsylvania  it  seems  to  have  been  slight,  but  in  the 
northern  part  of  the  State  il  amounted  to  several  hundred  feet,  as 
is  indicated  bj^  the  fact  that  the  jjresent  level  of  the  remnants  of 
this  peneplain  is  2,100  feet  in  southern  New  York,  over  1,400  feet 
in  Armstrong  county,  and  1,250  feet  in  the  southern  ])art  of  this 
State.  The  deformation  is  ellipsoidal,  or  dome-shaped  about  a gen- 
eral center  located  in  Potter  or  McKean  county,  where  its  surface 
reaches  an  altitude  of  about  2,200  feet  above  sea  level.  From  this 
point  of  greatest  elevation  the  slope  is  continuous  and  gradual  to 
the  vicinity  of  Harrisburg,  where  the  elevation  is  a little  over  500 
feet.  The  discussion  of  a physiographic  feature  of  this  sort  neces- 
sitates a consideration  of  many  details  and  can  not  further  be  con- 
sidered in  this  brief  paper.  For  a longer  account,  reference  should 
be  made  to  paper*  by  M.  R.  Campbell,  entitled  “Geographic  Develop- 
ment in  Northern  Pennsylvania  and  Southern  New  York.” 

Later  Developments  of  Terraces.  As  the  elevation  which  warped 
the  Harrisburg  peneplain  proceeded  the  streams  renewed  their  ac- 
tivity and  the  former  flat  surface  was  soon  furrowed  by  valleys. 
When  the  land  had  risen  about  100  feet  above  its  former  position 
the  upward  movement  seems  to  have  halted  and  the  development  of 
another  plain  began.  This  stage  in  the  physiographic  development 
of  the  State  is  known  as  the  Worthington  peneplain,  and  probably 
occurred  in  the  latter  part  of  Tertiary  time.  It  was  by  no  means 
so  extensive  in  its  development  as  either  of  the  older  peneplains. 
Later  uplifts  and  periods  of  quiessence  resulted  in  the  further  de- 
struction of  the  previously  fonned  plains  by  the  renewed  deepening 
of  the  valleys.  These  stages  are  shown  by  the  steep  bluffs  and  the 
terraces,  or  rock-cut  benches  found  along  the  sides  of  the  main 
streams.  These  benches  represent  the  periods  when  uplift  ceased 
and  the  streams  had  opportunity  to  widen  their  valley  lloors,  and 
the  bluffs  represent  periods  of  elevation.  These  later  benches  are 
known  as  “straths,”  the  oldest  one  next  succeeding  the  development 
of  the  Worthington  peneplain  being  called  the  Parker  strath.  This 
probably  marked  the  close  of  Tertiary  time,  for  its  further  develop- 
ment was  arrested  by  the  events  of  the  Glacial  period.  The  relation 
of  these  straths  and  the  present  flood  plains  to  the  Worthington 
peneplain  in  Armstrong  county  is  illustrated  diagrarnmatically  in 
the  accompanying  figure. 
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Fig'.  2.  Ideal  section  across  Allegheny  Valley  illustrating 
the  relation  of  terrace  floors. 


Along  some  of  the  larger  streams  still  later  stages  are  recognized 
which  were  develoiied  in  inter  glacial  times.  The  relation  of  these 
later  snh-stages  to  the  older  straths  and  jieneplains  are  shown  in 
the  figure  which  follows. 


WORTHINGTON  PENEPLAIN 


Fig.  3.  Generalized  section  across  the  Ohio  Valley  screwing 

terraces. 


For  a descri[dion  of  the  development  of  these  peneplains  and 
straths  in  western  Fennstdvania  reference  should  be  made  to  the 
folios  describing  the  geology  of  quadraugies  in  tvestern  Pennsyl- 
vania. 

Drainage  Dicersioa.  A notable  feature  of  the  drainage  system 
of  western  l*ennsylvania  is  the  fact  that  a number  of  the  main 
streams  head  within  a few  miles  of  Lake  Erie,  and  llowing  south, 
join  the  Ohio  drainage.  The  Leaver  river  has  its  source  on  the 
northern  slope  of  a region  which  would  naturally  drain  into  Lake 
Erie.  Its  headwateis,  in  fact,  are  only  a score  of  miles  distant  from 
the  lake,  but  they  lead  directly  away  from  it,  and  the  same  is  gen- 
erally true  of  the  Allegheny  river.  It  may  be  noticed  further  that 
the  ^'alleys  of  Beaver  ri\er  and  Ohio  river  above  Beaver  form  a 
nearly  straight  line,  and  that  from  this  line  the  Ohio  below  Beaver 
takes  an  almost  right  angle  turn  to  the  west.  This  unusual  rela- 
tion of  the  main  to  the  lateral  stream  was  recognized  many  years 
ago,  and  detailed  work  along  the  Beaver  Valley  reveals  the  fact  that 
the  rock  floor  of  the  high  terraces  slopes  northward.  In  view  of 
these  facts,  it  is  c<uicluded  that  the  Ohio  once  flowed  northward 
into  Lake  Erie  through  the  Beaver  Valley,  as  is  illustrated  in  the 
accompanying  figure. 
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Pig.  4.  Sketch  map  showing  the  probable  pre-Glacial  drain- 
age of  western  Pennsylvania.  The  terminal  moraine  is  shown 
by  a broken  crossed  line.  (After  Prank  Leverett;  with  addi- 
tion of  terminal  moraine.) 

Further  investigation  developed  the  fact  that  another  stream  nearly 
coincident  ivith  the  present  course  of  the  Ohio  betiveen  Wheeling 
and  Beaver  flowed  northeasterly.  The  divide  at  the  head  of  this 
stream  was  in  the  vicinity  of  New  Martinsville. 

The  Allegheny  river  also  is  a striking  example  of  drainage  changes. 
Some  of  its  affluents  in  Cattaraugus  and  Chautauqua  counties,  New 
A’ork,  and  Erie  county,  Pennsylvania,  have  their  sources  on  the 
southern  slope  of  an  elevated  region  which  overlooks  Lake  Erie  at 
points  only  7 to  1.5  miles  distant  from  the  lake,  yet  they  take  a 
course  directly  away  from  the  lake  and  join  the  drainage  to  the 
Gulf  of  IMexico.  The  apparently  anomalous  course  of  Allegheny 
river  is  due  to  the  fact  that  it  was  formed  by  the  union  of  a number 
of  independent  streams,  parts  of  which  originally  flowed  north  into 
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the  basiu  of  Lake  Erie.  As  shown  by  the  sketch  map,  the  upper  part 
found  au  outlet  to  the  northwest  by  Salamanca  to  Gowanda,  thence 
down  Cattaraugus  Valley.  The  middle  portion  from  as  far  south 
as  Emlenton  llowed  through  Venango,  Crawford  and  Erie  counties, 
Pennsylvania,  along  a channel  now  utilized  in  part  by  French  and 
Conneaut  creeks  and  into  the  Erie  basiu  just  east  of  the  Ohio-Peun- 
sylvania  State  line.  The  waters  of  the  Clarion  and  lower  Allegheny, 
with  its  tributaries,  followed  the  present  course  of  Allegheny  river, 
to  the  mouth  of  Beaver  river,  wliere  they  turned  abruptly  to  the 
north  and  followed  au  old  valley  occupied  in  part  by  Beaver  and 
Grand  rivers  to  the  Lake  Erie  basin. 

Another  interesting  case  of  diversion  is  that  of  Raccoon  creek 
in  the  Beaver  quadrangle.  This  creek,  which  now  empties  into  the 
Ohio  three  miles  below  Beaver,  originally  turned  to  the  east  at  New 
Shellield  and  emptied  into  the  Ohio  several  miles  above  the  big  bend 
at  Beaver. 

This  diversion  of  the  streams  which  formerly  flowed  into  Lake 
Erie  was  brought  about  by  the  continental  ice  sheet,  which,  in  the 
Glacial  epoch,  extended  down  across  the  Great  Lakes  and  into  Penn- 
sylvania as  far  as  the  broken  crossed  line  on  the  sketch  map  (Fig.  4 
above).  The  north-flowing  streams  were  iionded  against  the  ice 
front,  overflowed  their  divides,  and  cut  new  channels,  forming  the 
present  system  draining  into  the  Mississippi  river. 

Abandoned  Channels.  Among  the  most  interesting  features  of  the 
topography  of  western  Pennsylvania  which  have  been  brought  to 
light  by  the  recent  topographic  and  geologic  mapping  are  the  nu- 
merous abandoned  channels  along  the  larger  north-flowing  streams. 
Attention  was  first  called  to  them  by  M.  R.  Campbell  in  the  Mason- 
town-LTnioutown  folio,  and  they  have  been  discussed  also  in  the 
Brownsville-Connellsville  folio.  The  extent  of  these  abandoned  chan- 
nels is  shown  in  the  accompanying  figure,  which  is  a map  of  the 
quadrangles  along  the  Monongahela  between  Pittsburg  and  the  State 
line. 

This  map  shows  the  course  the  streams  have  occupied  at  different 
periods  of  their  histoi’y.  The  present  courses  of  both  Monongahela 
and  Youghiogheny  rivers  are  seen  by  this  map  to  differ  considerably 
from  their  earlier  courses. 

These  abandoned  channels,  which  are  broad,  open  valleys  with 
nearly  flat  floors,  are  now  occupied  by  very  small  streams,  if  they 
are  drained  at  all.  One  of  the  largest  is  the  great  Carmichaels  bend 
in  the  Masontown  quadrangle.  From  the  distant  hills  the  observer 
Avould  exj)ect  to  find  the  Monongahela  river  flowing  through  the 
large,  open  valley  in  Avhich  Carmichaels  is  located,  but  the  present 
stream  is  hidden  in  a deep  gorge  at  some  distance  on  the  east.  The 
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abandoned  channel  is  a rock-cnt  valley  filled  to  a depth  varying  from 
a few  feet  up  to  GO  or  70  feet,  with  stratified  clay  and  sand,  which 
indicates  plainly  its  river  origin.  Sub-angular  blocks  of  sandstone 
measuring  4 or  5 feet  in  their  largest  diameter  are  present  in  the 
midst  of  fine  material,  especially  in  the  little  amifiiitheater  opposite 


Fig.  5.  Sketch  map  of  quadrangles  in  western  Penn- 
sylvania showing  pre-Pleistocene  and  recent  courses  of 
the  Monongahela  and  Toughiogheny  rivers  and  their  lar- 
ger tributaries.  Present  drainage  indicated  by  solid  lines, 
pre-Pleistocene  by  dotted  lines. 

Bellevernon.  These  cannot  be  accounted  for  only  on  the  supjiosition 
that  they  have  been  floated  into  their  present  position  on  blocks  of 
ice.  This  abandoned  valley  at  Bellevernon  is  one  of  the  most  inter- 
esting examples  of  its  kind.  It  is  not  a simple  channel,  but  there 
are  two  distinct  valleys  and  a third  of  questionable  character,  be- 
sides the  channel  of  the  modern  stream.  From  the  great  depth  of 
filling  it  seems  probable  that  the  outermost  channel  is  the  one  origi- 
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iially  occupied  by  the  i-iver  and  that  this  was  abandoned  in  favor 
of  ibe  shorter  course  which  was  occupied  for  so  long  a time  that  it 
was  cut  as  broad  as  the  original  channel.  The  original  course  of 
the  stream  Avas  across  the  sites  of  Fayette  City  and  Arnold  City, 
and  thence  along  tlie  broad,  ojien  valley  to  Bellevernon.  The  second 
course  separated  from  the  first  near  Arnold  City  and  united  with 
it  again  just  back  of  Bellevernon.  The  topography  at  Pitts- 
burg indicates  that  originally  the  Monongahela  flowed  north 
from  the  present  site  of  Homestead  through  Wilkinsburg  and 
made  two  loo^is  Avhich  impinged  on  the  blulf  uoav  forming  the  north 
bank  of  Allegheny  river  near  Sixmile  Island  and  Millvale.  East 
Liberty  and  Roup  are  at  the  points  where  the  old  river  cut  off  these 
ox  bows,  and  turning  to  the  south  through  Oakland,  reached  its 
present  course  at  Southside,  and  thence  flowed  on  to  Beaver  and 
north  into  Lake  Erie. 

Youghiogheny  river  has  suffered  as  severely  as  the  Monongahela. 
Being  a smaller  stream,  its  bends  are  not  so  large  and  pronounced, 
but  many  of  them  are  equally  well  developed  and  are  well  preserved. 

These  abandoned  river  channels  constitute  the  most  striking  topo- 
graphic feature  of  the  region.  They  have  long  been  recognized  as 
such  by  geologists  but  no  adequate  explanation  of  their  origin  was 
offered  until  that  advanced  by  M.  R.  Campbell  in  the  INIasontown- 
T'niontown  folio.  According  to  his  observations,  abandoned  river 
channels  of  the  character  here  described  are  limited  to  the  following 
streams : Allegheny,  Ki.skiminitas,  YMughiogheny,  Monongahela, 

Kanawha,  Guyandotte,  Big  Sandy,  Kentncky  and  Ohio  rivers.  These 
streams  are  located  a short  distance  south  of  the  limit  of  glaciation, 
therefore,  the  abandonment  of  the  channels  seems  to  be  due  to  some 
condition  induced  by  the  presence  of  the  ice  sheet.  Still  further, 
it  is  noted  that  abandoned  channels  are  most  abundant  on  streams 
that  flowed  to  the  north  or  northwest  directly  toward  the  ice  front. 
In  this  connection,  it  may  be  noted  that  the  drainage  of  the  upper 
Ohio  has  suffered  decided  changes  through  the  advance  of  the  Glacial 
ice  sheet.  It  is  uoav  fairly  well  established  that  the  present  Alle- 
gheny river  system  AA’as  formerly  divided  into  three  parts,  all  of 
Avhich  drained  into  the  St.  Lawrence  basin,  as  previously  described. 
The  Avaters  of  the  Monongahela  river  also  found  a northern  outlet 
through  Beaver  river  into  the  same  system.  KanaAvha  rivei*,  Avith 
its  tributaries,  Guyandotte  and  Big  Sandy,  flowed  nortliAvard  through 
the  present  Scioto  Valley  and  ])robably  constituted  a branch  of  the 
riA'er  system  Avhich  occupied  the  basin  of  Lake  Erie.  The  adA'ancing 
ice  sheet  is  supposed  to  have  dammed  these  nortliAvard-flowing 
streams  and  forced  the  Avater  to  seek  another  outlet  along  the  present 
course  of  the  Allegheny  and  Ohio  rivers.  In  this  pond  which  was 


Fig.  5A.  Sketch  map  showing  present  and  ^ 
pre-Pleistocene  courses  of  Monongahela  and 
r'oughiogheny  rivers. 
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formed  along  the  ice  front,  silts  were  dei)Osited,  but  it  is  not  pos- 
sible to  ascribe  the  abandoned  valleys  of  the  upper  portions  of  the 
Monoiigahela  and  Youghiogheny  to  this  ponding.  The  changes  in 
the  alignment  of  these  streams  must  have  been  due  to  local  condi- 
tions. The  glacial  ice  sheet  did  not  reach  so  far  south,  and  hence, 
it  could  not  have  been  directly  instrumental  in  producing  them. 
It  seems  probable  that  ice  in  the  rivers  which  llowed  north  or  toward 
the  ice  front,  formed  jams  or  goi'ges  in  the  rivers  during  the  summer 
break-ups.  It  is  iiossible  that  immense  dams  built  by  boating  ice 
during  the  summer  were  not  melted  away  before  an  ensuing  winter 
fixed  them  firmly  in  position.  Increasing  in  size  and  strength  sea- 
son after  season,  the  pond  produced  by  such  dams  must  have  accumu- 
lated immense  quantities  of  silt  which  eventually  filled  up  the  former 
river  valley  and  diverted  the  sti'eam  to  another  course.  The  loca- 
tion of  these  dams  can  not  be  definitely  determined  in  all  cases  at 
the  present  day,  but  some  of  them  are  distinctly  shown  by  the 
dejiosits  of  sand  and  gravel  now  contained  in  the  abandoned  valleys. 
In  the  abandoned  valley  at  Carmichaels,  for  instance,  which  has  a 
length  of  8 miles,  the  upper  part  for  a distance  of  about  6 miles  is 
filled  from  10  to  80  feet  deep  with  alternating  beds  of  sand  and 
clay.  About  2^  miles  northeast  of  Carmichaels  these  deposits  end 
abruptly  and  the  valley  fioor  below  this  point  shows  a filling  of 
jnly  a few  feet  of  sand  and  gravel.  This  lower  iiortion  is  apparently 
left  in  the  condition  in  which  it  was  occupied  by  the  Monoiigahela 
before  the  barrier  was  formed  which  permitted  the  silting  up  of 
this  upper  course,  and  the  location  of  this  barrier  is  definitely  de- 
termined by  the  northern  limit  of  the  heavy  silt  deposits.  Each  of 
the  abandoned  valleys  of  the  Monoiigahela  maj^  be  explained  by  the 
existence  of  a local  barrier  of  ice  in  some  part  of  its  course.  In  the 
case  of  multiple  channels,  as  at  Jlellevernon,  it  is  necessary  to  assume 
the  existence  of  several  dams. 

Further  description  of  these  changes  in  the  drainage  of  western 
Pennsylvania  will  be  found  in  the  folios  descriptive  of  the  areas 
through  which  the  larger  rivers  flow. 
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STRATIGRAPHY. 


GENERAL  STATEMENT. 

The  rocks  of  southwestern  Peimsyhauia  are  iii  the  main  of  sedi- 
mentary origin,  i.  e.,  they  ivere  originally  deposited  as  sediments  in 
the  form  of  sand,  clay,  lime  and  mixtures  of  these,  and  afterward 
consolidated  into  rocks.  In  addition,  there  are  coal  beds  of  the  same 
age  as  the  consolidated  rocks,  some  of  which  were  probably  deposited 
as  sediments  formed  of  vegetable  matter,  spores  of  plants,  etc., 
though  in  the  main  the  coal  beds  are  the  result  of  the  accumulation 
of  vegetable  matter  in  swamps  where  it  grew.  Covering  the  surface 
are  the  soils  resulting  from  the  weathering  of  the  underlying  rocks, 
alluvial  deposits  along  the  river  bottoms,  sands,  clays  and  gravels 
covering  the  elevated  benches  or  upland  fiats,  which  I’epresent  river 
deposits  when  the  rivers  were  flowing  at  higher  levels  than  at  jiresent, 
the  present  valleys  not  having  been  cut  down.  In  the  i*egion  of 
New  Castle  in  the  northwest  corner  of  the  area  treated  occurs 
the  edge  of  the  great  blanket  of  deposits  laid  down  by  the  ice  during 
the  Ice  age.  Finally,  in  a mine  near  Masontown,  in  Fayette  county, 
has  been  reported  a dike  of  peridotite,  an  igneous  rock  that  was 
forced  into  its  present  position  when  liquid  or  plastic. 

The  unconsolidated  rocks  on  the  surface  all  belong  to  the  Pleisto- 
cene, or  last  geologic  age.  The  consolidated  rocks  belong  to  the 
Carboniferous,  or  age  of  coal,  or  to  earlier  ages,  except  the  dike 
mentioned,  of  which  the  exact  age  is  not  known.  Nearly  all  of  the 
consolidated  rocks  outcro}>ping  at  the  surface  in  this  area  belong 
to  the  Carboniferous  age;  the  older,  or  underlying  rocks,  though 
exposed  abundantly  to  the  east  of  this  area,  are  here  seen  only  in 
some  of  the  anticlines,  especially  where  they  are  cut  across  by  the 
larger  streams.  They  are  also  found  in  wells  which  are  drilled  for 
oil  and  gas. 

The  principal  divisions,  subdivisions  and  formations  into  which 
the  rocks  of  this  area  are  divided  according  to  age  are  shown  in  the 
following  table: 

SUBDIVISION  OF  ROCKS  OF  SOUTHWESTERN  "PENNSYLVANIA  AC- 
CORDING TO  AGE. 

Pleistocene — 

Surface  soil. 

Alluvium. 

Wisconsin  till. 

Outwash,  gravels,  etc. 

Kansan  till. 

Carmichael’s  clay.  i 


STATE  OF  PENNSYLVANIA. 


129 


Post-Carboniferous—' 

Peridotite  of  Payette  county. 

Carboniferous — 

Permian,  or  Dunkard,  or  “Upper  Barren  Measures.” 

Greene  formation. 

Washington  formation. 

Pennsylvanian  Series — “Coal  Measures  Groups.” 

Monongahela  formation,  or  “Upper  Productive  Measures.” 

Conemaugh  formation,  or  “Lower  Barren  Measures.” 

Allegheny  formation,  or  “Lower  Productive  Measures.” 

Pottsville  Group  (or  formation  in  Pennsylvania). 

Mississippian  Series,  or  Lower  Carboniferous. 

Mauch  Chunk  formation. 

Burgoon  (Logan,  “Big  Injun”)  sandstone. 

Cuyahoga  (shale,  limestone,  and  sandstone). 

Berea  (Corry)  sandstone. 

Catskill-Erie. 

Knapp  formation. 

Conewango  formation. 

Devonian. 

Chemung  formation. 

Portage  formation. 

Genessee  shale. 

Hamilton  and  Marcellus  formations. 

Ori.skany  sandstone. 

Helderberg  limestone. 

Silurian. 

Waterlime  group. 

Salina  group. 

Niagara  group. 

Medina  group. 

Ordovician  (Lower  Silurian). 

Hudson  River  shales  (Lorraine). 

Utica  shales. 

Trenton  limestone. 

There  is  an  inclination  on  the  jiart  of  many  to  criticize  the  in- 
troduction of  new  names  in  the  nomenclature  of  the  geology  of 
Pennsylvania,  or  a failure  of  the  latter-day  geologist  to  recognize 
the  correlation  of  rocks  or  members  whose  absolute  identity  had 
formerly  not  been  questioned.  It  should  be  remembered  that  the 
advance  of  science  and  civilization  has  been  largely  due  to  the 
substitution  of  the  weighing  balance  for  the  ‘‘hefting”  by  hand,  of 
the  straight  edge  or  transit  for  the  squint  of  the  eye,  of  the  foot 
rule  and  tape  for  the  estimate  or  pace.  The  advance  has  been  from 
rules,  theories  and  laws,  based  on  partial  data,  vague  surmises,  esti- 
mated figures  and  dimensions,  and  pure  guess  work,  to  rules,  theories 
and  laws  based  on  more  complete  data,  on  accurately  measured  di- 
mensions, weights  or  distances;  in  general  on  more  accurate  and 
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more  complete  information.  In  many  cases  this  gain  in  the  amount 
and  accuracy  of  the  information  has  only  tended  to  strengthen  and 
establish  rules  already  laid  down.  In  other  cases,  it  has  tended  to 
give  them  more  definite  form,  in  still  others  the  more  complete  and 
accurate  data  has  tended  1o  show  that  conclusions  based  on  the 
information  first  obtained  were  entirely  erroneous. 

The  data  upon  which  the  conclusions  of  geologists  are  based  have 
always  been  and  in  a large  measure  must  always  continue  to  be 
obscure  and  partial.  A large  part  of  the  data  are  hidden  away 
underground ; a large  j)art  of  them  have  been  matters  of  time  and 
disappeared  long  ages  ago.  Nevertheless  the  operations  of  mining 
and  ])rospecting,  especially  prospecting  with  the  core  drill,  have  sub- 
stituted a great  amount  of  accurate  information  in  some  regions 
where  before  all  was  guess  work.  When  a mine  driving  through  a 
hill  connects  absolutely  a thick  outcropping  coal  on  one  side  of  the 
hill  with  a lliin  outcropping  coal  on  the  other,  their  identity  has 
been  established  regardless  of  all  that  may  have  in-eviously  been 
said  against  their  identity.  The  Redstone  coal  was  originally  deter- 
mined as  50  feet  above  the  Ifittsburg  coal  at  its  type  locality.  Mine 
shafts  at  the  same  points  luu’e  demonstrated  that  the  coal  is  over 
SO  feet  above  the  base  of  the  Pittsburg  bed.  In  a region  in  which 
the  space  occuj>ied  by  the  Kiltanning  coal  group  is  found  to  contain 
only  three  coals  these  may  well  be  called  the  Up]>er,  Middle  and 
Lower  Kittanning,  even  though  lhere  may  be  a suspicion,  frankly 
stated.  Unit  they  do  not  all  correspond  exactly  to  the  beds  similarly 
named  in  the  type  region  on  the  Allegheny  river,  but  wlien  in  an 
adjacent  region  five  or  even  seven  coals  are  found  in  that  same  space, 
then  it  is  evident  that  if  names  are  to  be  applied  at  all,  the  old  names 
can  be  ap]>lied  only  on  the  assumption  that  the  increase  in  the  num- 
ber of  beds  is  due  to  the  s]>litting  of  the  three  original  beds.  If, 
however,  facts  be  obtained  lliat  either  prove  that  the  increase  is 
not  due  to  the  splitting  of  the  beds  or  render  such  an  explanation 
highly  improbable,  then  some  of  Ihe  beds  must  go  unnamed  or  new 
names  must  be  a])})lied.  A new  difficulty  arises  in  determining 
Avhich  of  the  two  or  three  in  the  middle  of  the  group  should  be  called 
the  Middle  Kittanning,  et  cetera.  Then  having  determined  that, 
it  may  be  found  lhat  this  Middle  Kittanning  does  not  correspond 
with  what  we  have  called  the  Middle  Kittanning  in  an  adjacent 
region  where  there  are  only  three  coals.  In  other  words,  when  an 
increasing  number  of  facts  make  more  and  more  doubtful  the  exact 
coiTclation  or  identity  of  any  two  sandstones,  coals,  or  other  mem- 
bers, it  is  not  in  accordance  with  scientific  or  ])ractical  progress  to 
continue  to  assert  their  identity,  no  matter  how  fondly  or  how  long 
such  an  idea,  has  been  held. 
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Fig-.  6.  Selected  sections  of  the  lower  half  of  the  Conemaugh  formation  from 
a small  area  in  Jefferson  County.  To  show  the  variability  of  the  rocks  in  that 
part  of  the  column.  Scale  1 inch-100  feet. 
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It  is  often  asserted  that  the  old  stratigraphic  names,  based  as 
they  were  on  the  old  stratigraphic  column  of  Xew  York,  as  worked 
out  by  the  Hall  Survey,  are  good  enough.  To  such  a one  it  is  rec- 
ommended that  they  read  the  reports  of  life  State  Geologist  of  New 
York  for  the  recent  years.  Thus  it  may  be  a matter  of  surprise  to 
some  to  learn  that  the  Niagara,  Clinton,  IMedina  and  Oneida,  of 
eastern  New  York,  have  been  replaced  by  Cobleskill,  Decker  Ferry, 
Dossardville,  Poxino  Is.,  Binnewater  sandstone.  High  Falls  shale  and 
Shawangunk.''  Eecent  work  seems  to  have  demonstrated  that  while 
the  first  named  rocks  were  being  deposited  in  western  New  York 
a land  period  existed  in  eastern  New  York,  so  that  no  rocks  were 
deposited  there  during  those  periods,  and  a perusal  of  recent  geologic 
literature  on  New  York  State  would  reveal  a host  of  strange  names 
to  one  who  knows  the  geology  of  that  state  only  through  the  writ- 
ings of  Hall,  Dana  and  the  older  workers. 

Nevertheless,  it  is  the  policy  of  the  members  of  the  U.  S.  Geological 
Survey  working  in  Pennsylvania  to  preserve  the  old  nomenclature 
just  as  long  as  a reasonable  doubt  in  favor  of  its  correctness  exists, 
even  though  the  evidence  in  general  may  point  strongly  to  its  incor- 
rectness. In  other  cases  the  old  names  have  been  used  in  a succes- 
sional  sense,  though  stated  frankly  that  their  use  is  not  intended 
to  imply  exact  correlation. t It  is  undoubtedly  in  a large  measure 
the  province  of  the  geologist’s  work  to  determine  and  to  declare 
the  correlation  of  rocks  or  coal  beds  existing  in  different  places, 
but  it  is  exactly  as  much  the  province  of  his  work,  when  and  where 
necessary,  to  demonstrate  lack  of  correlation  where  it  may  have 
been  assumed,  when  the  facts  prove  or  render  highly  probable  such 
lack  of  correlation. 

In  the  description  of  the  formations  and  members  that  follows, 
while  the  ivriter  has  tried  to  review  all  of  the  literature  on  the 
subject,  he  must  express  his  esy>ecial  obligation  to  I.  C.  White's 
U.  S.  Geological  Survey  Bulletin  fi.")  on  the  Stratigraphy  of  the  North- 
ern Appalachian  Coal  Field.  This  has  been  especially  true  of  the 
members  above  the  middle  of  the  Conemaugh,  with  which  the  wri- 
ter's personal  acquaintance  is  slight. 

The  detailed  studies  of  the  stratigraphy  made  in  connection  with 
the  recent  work  has  led  to  a better  understanding  of  the  relations 
and  variability  of  the  beds  of  rock  in  the  Carboniferous  or  coal 
measures  than  has  been  possible  before.  This  has  mainly  been  due 
to  two  things;  (1)  the  fact  that  the  method  used  required  the  taking 
of  continuous  sections,  so  that  the  persistence  or  variation  of  each 
rock  stratum  was  traced  from  hill  to  hill.  Measurements  and  de- 
scriptions were  made  of  its  thickness  and  character  on  each  hill 


♦New  York  State  Museum,  Bull.  107.  p.  51,  1S07. 

tAs  for  example  Folio  No.  102,  Indiana,  p.  4,  bot.  col.  4. 
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upon  which  it  is  exposed;  and  (2)  the  members  of  the  Survey  have 
had  access  to  the  records  of  hundreds  of  diamond  core  drillings 
which  are  usually  in  great  detail.  Thus  in  many  of  the  quadrangles 
several  hundred  vertical  detailed  sections  have  been  obtained.  As 
is  often  the  case,  this  abundant  data  has  frequently  rendered  diffi- 
cult and  obscure  stratigraphic  problems  that  with  meagre  data 
seemed  simple  and  clear.  This  will  be  evident  from  a study  of  figures 
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Pig.  7.  Selected  sections  of  the  lower  part  of  the  Conemaugh  formation  from 
an  area  4 miles  long  by  2 miles  wide,  in  Indiana  County.  To  show  in  even 
more  detail  the'  variation  within  narrow  limits.  Scale:  l-inch-50  feet.  The 
figures  between  the  sections  give  the  distance  of  the  sections  apart  in  miles 
and  tenths  of  a mile. 

6,  7 and  8,  on  which  are  given  columnar  sections  selected  within 
fairly  narroAV  limits.  Figure  0 gives  a grouping  of  sections  in  the 
lower  half  of  the  Conemaugh,  in  which  with  one  exception  the  dis- 
tance from  one  of  these  sections  to  the  next  is  less  than  two  miles, 
and  in  five  cases  less  than  one  mile.  Between  the  first  and  second 
and  the  fourth  and  fifth  there  is  a space  of  only  one-fourth  mile. 
Figure  7 is  another  series  of  sections  of  the  lower  part  of  the  Cone- 
maugh, selected  from  an  area  four  miles  long  by  two  miles  wide.  In 
this  figure  the  vertical  scale  is  two  times  that  of  the  preceding 
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Fig".  8.  A selected  series 


eastern  edge  The' field  7n  IndfanaTnd°Clearfiet7®^^'®”T  formation  near  the 

riation  in  the  strati°-ranbv  Tf  tat  f Clearfield  counties.  To  show  the  va- 
Scale:  1 inch^O  ftet  formation  within  short  horizontal  distances. 
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figure,  in  order  to  bring  out  more  clearly  the  variations.  Certain 
facts  become  immediately  apparent  on  the  study  of  these  sections. 
The  most  prominent  fact  is  the  extreme  irregularity  of  the  sandstones 
and  shales.  A sandstone  in  one  section  has  entirely  thinned  out 
before  the  next  section  is  reached,  one-fourth  mile  away.  Sand- 
stones which  ajiparently  are  the  same  in  two  adjacent  sections  may 
differ  by  from  5 to  50  feet  in  the  distances  from  their  tops  down  to  the 
key  horizon  (in  this  case  the  ••E’’  coal).  Unfortunately,  in  most  of 
the  coal  measure  areas  the  sandstones  are  almost  the  only  outcrop- 
ping rocks,  though  often  their  outcrops  consist  only  of  scattered 
sandstone  fragments,  and  in  many  areas  their  outcrops  are  the  sole 
key  to  the  position  of  the  hidden  rocks.  It  is  often  stated  by  mining 
men  or  geologists  that  they  have  traced  a certain  sandstone  from 
one  district  to  another  many  miles  away.  As  a better  under.stand- 
ing  of  the  stratigraphy  of  the  coal  measures  is  gained,  such  state- 
ments are  received  with  more  and  more  reserve. 

Turning  to  the  small  coals  of  the  sections  the  case  seems  but 
little  less  hopeless,  though  not  quite  so  much  so,  and  if  the  lime- 
stones be  considered  it  would  seem  that  while  the  coals  and  lime- 
stones of  one  section  may  not  appear  in  the  next  section  adjacent, 
there  is  a visible  tendency  for  them  to  reappear  at  about  the  same 
position  in  some  other  section.  This  is  especially  true  of  the  lime- 
stones. Thus  note  the  recurrence  of  a limestone  about  40  feet  above 
the  “E”  coal  at  the  base,  and  again  near  the  top  of  several  of  the 
sections  in  figure  G.  Lest  it  be  thought  that  this  irregularity  is  local 
in  the  part  of  the  section  selected  for  the  figures  G and  7,  figure 

8 gives  a group  of  sections  of  the  Allegheny  formation,  all  within 
a space  of  a few  miles  in  Clearfield  county.  Tire  sections  in  figure 

9 are  given  to  illustrate  still  further  and  in  greater  detail  this 
tendency  to  variation  in  the  coal  measure  rocks.  These  sections 
were  all  personally  measured  by  the  writer  in  the  railroad  cuts 
along  the  west  branch  of  the  Susquehanna  river  between  Curwens- 
villo  and  Clearfield.  The  railroad  follows  the  strike  of  the  rocks 
so  closely  that  the  main  coal  of  the  sections  is  exposed  in  nearly 
every  cut  between  the  two  places.  Often  the  exposures  are  several 
hundred  yards  in  length,  so  that  it  is  possible  to  trace  clearly  the 
pinching  out  of  coal  beds  two  feet  or  less  in  thickness,  and  the 
changes  from  sandstones  to  shales. 

In  the  preceding  paragraphs  the  emphasis  both  in  the  figures  and 
in  the  text  has  been  on  the  variability  of  the  coal  measure  rocks, 
and  too  much  emphasis  can  not  be  put  on  that  side  of  the  problem, 
for  though  every  one  who  studies  the  coal  measure  rocks  realizes 
somewhat  that  variability  in  theory,  in  actual  practice  he  is  very 
apt  to  neglect  it  and  to  assume  regularity  to  within  very  narrow 
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1.  Cut  on  New  York  Cen- 
tral Railroad  halfway  be- 
tween two  county  bridges 
south  of  Curwensville. 

2.  Cliff  near  new  county 
bridge  2 miles  south  of 
Curwensville. 

3.  One-quarter  of  a mile 
west  of  New  York  Central 
Railroad’s  temporary  de- 
pot. 

4.  Cut  under  road  just 
south  of  temporary  depot 
of  New  York  Central  Rail- 
road. 

5.  Cut  just  east  of  Buf- 
falo, Rochester  & Pitts- 
burg depot  at  Curwens- 
ville. 

G.  Cuts.  Pennsylvania 
and  Buffalo,  Rochester  & 
Pittsburg  Railroads  just 
at  east  edge  of  ijuad- 
rangle,  near  Susquehanna 
bridge. 

7-8.  Cuts,  Pennsylvania 
Railroad,  just  east  of  Car- 
bon mine. 

9.  Cut,  Penn  s y 1 v a n i a 
Railroad,  a little  east  of 
Nos.  7-8. 

10.  Cut.  Penns  y 1 v a n i a 
Railroad,  west  of  River 
View  Station. 

11-13.  Sections  in  strip- 
ping between  River  View 
and  road  south  from  West 
Clearfield. 

14.  Section  of  bank,  Buf- 
falo, Rochester,  & Pitts- 
burg Railroad,  opposite 
River  View. 

15.  Cut.  Buffalo,  Roches- 
ter & Pittsburg  Railroad, 
opposite  Clearfield. 

16.  Cut,  Buffalo,  Roches- 
ter & Pittsburg  Railroad, 
100  feet  east  of  No.  15. 

17.  Cut,  Buffalo,  Roches- 
ter & Pittsburg  Railroad, 
120  feet  east  of  No.  16. 

18.  Cut,  Buffalo,  Roches- 
ter & Pittsburg  Railroad, 
just  north  of  Pennsylvania 
depot,  Clearfield. 

Vertical  scale:  3 inches- 
100  feet. 
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ning  or  “B”  coal  as  exposed  in  railroad  cuts 
between  Curwensville  and  Clearfield,  Clearfield 
County,  Pa. 


limits.  This  has  led  to  conceptions  of  stratigraphic  simplicity  in 
the  past  that  not  only  have  been  very  misleading  and  the  cause 
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of  imiumerable  mistakes  of  coiTelatioii,  but  that  must  be  replaced 
by  a more  correct  conception  before  correct  and  reliable  results 
can  be  obtained  in  tlie  tield. 

After  such  a statement  of  the  case,  the  reader  may  be  inclined 
to  ask  what  basis  exists  for  the  accurate  determination  of  the 
stratigraphy  and  structure  of  the  coal  measure  rocks.  It  has  been 
shown  that  the  sandstones  are  especially  irregular  and  unreliable 
for  tracing  the  stratigraphy  from  place  to  place.  In  fact,  the  recent 
work  has  shown  that  in  many  cases  the  sandstones  that  have 
always  been  assumed  as  very  persistent  and  horizon  markers  of 
great  values,  are  actually  at  quite  distinct  horizons;  that  they  never 
connected  horizontally;  that  they  were  often  deposited  at  distinctly 
successive  periods,  and  that  any  conclusion  based  on  the  assump- 
tion that  they  are  the  same  is  necessarily  erroneous.  Thus,  when 
it  is  found  that  one  of  two  sandstones  supposed  to  be  the,  same 
was  deposited  under  or  before  a certain  coal  bed  or  limestone  bed, 
and  the  other  above  or  after  it,  it  is  evident  they  can  not  be  the 
same.  In  the  second  place  it  has  been  shown  that  too  much  reliance 
can  not  be  placed  in  the  persistence  of  the  smaller  or  minor  beds 
of  coal,  and  the  same  is  true  to  some  extent  of  the  limestones. 
It  may  be  further  shown  that  the  coal  beds  of  seeming  importance 


E.Coal. 

40  feet. 
D.Coal. 


Fig'.  10.  Sketch  showing  relation  of  coals  at  horizon  of  “D”  or  Lower 
Freeport  coal  in  Northern  Cambria  County.  (After  Campbell.) 


may  be  non-persistent.  Thus  figure  10  shows  a case  from  Cambria 
county  where  what  has  always  been  assumed  beyond  doubt  was 
the  Lower  Freeport  coal  at  two  points  not  far  distant  has  been 
shown  by  detailed  drillings  to  be  two  thick  coal  beds  lying  at 
slightly  overlapping  horizons,  each  of  which  thins  out  in  the  region 
of  the  strong  development  of  the  other.  Or  again,  in  Clearfield 
county  what  has  been  considered  the  Lower  Freeport  coal  splits 
in  going  westward  from  the  region  of  its  magnificent  development 
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from  Iloutzdale  to  Pliilipsburg  and  beyond  (see  fignre  11).  After 
tracing  the  split  several  miles,  or  until  the  benches  are  40  to  50 
feet  apart,  data  become  meager  for  several  miles.  I)o  the  two 
benches  come  together  again  farther  west,  does  one  bench  feather 
out,  or  do  they  both  continue  and  pass  under  different  names?  Simi- 
lar cases  could  be  cited  of  the  “B”  coal  in  Clearlield  and  again  in 
Clarion  county,  and  so  of  other  coals. 

But  on  the  other  hand  there  are  several  elements  in  the  coal 
measures  of  Pennsylvania  that  appear  to  have  been  laid  down  over 
large  areas.  Thus  the  Pittsburg  coal  has  been  stated  to  underlie 
an  area  in  Pennsylvania  alone  of  T,12G  square  miles,  and  evidently 
originally  underlay  a much  larger  area,  and  in  this  case  leaving 
out  of  account  minute  renuiants  of  thin  coal  in  Cambria  county 
that  may  be  I’ittsbnrg,  there  is  practically  no  shadow  of  doubt 
of  the  original  continuity  of  this  bed  wherever  found  in  Pennsyl- 
vania. Over  large  areas  there  is  little  less  doubt  of  the  original 
continuity  of  the  Ames  or  crinoidal  limestone  in  the  middle  of 
the  Conemaugh  formation,  and  the  same  is  true  of  the  Vanport  or 
old  “ferriferous”  limestone  occurring  near  the  bottom  of  the  Alle- 
gheny formation.  These  three  elements  of  the  section  maj^  be  con- 
sidered as  the  great  key  horizons;  then  come  a large  series  of  ele- 
ments that  seem  to  have  a fair  degree  of  persistency.  Thus  usually 
from  15  to  85  feet  above  the  Vanport  limestone  occurs  a coal  bed 
which  is  so  regularly  underlain  by  a thick  clay  that  the  three 
elements  taken  together  are  thought  to  establish  a widespread 
correlation  of  that  coal  which  has  been  called  the  Lower  Kittan- 
ning.  But  where  the  interval  from  the  coal  to  the  limestone  changes 
from  84  feet,  as  it  is  opposite  Beaver  Falls,  to  25  feet  at  less  than 
10  miles  to  the  north,  it  leads  to  the  question  whether  the  coals 
are  the  same.  The  splitting  of  this  bed  in  Clearfield  county,  the 
appearance  of  a new  bed  between  it  and  the  limestone  in  Clarion 
county,  the  stratigraphic  irregularities  such  as  those  illustrated 
from  the  west  branch  of  the  Susquehanna,  indicate  that  the  Tmwer 
ICittanning  coal  is  not  an  ideally  persistent  stratum,  and  yet  there 
ar(‘  large  areas  in  which  it  remains  so  constant  as  to  serve  admira- 
bly within  those  areas  as  a key  rock. 

On  the  v.diole,  because  of  the  check  on  the  Vanport  limestone, 
the  i)osition  of  this  coal  is  better  determined  than  that  of  any 
other  of  the  lower  coals.  Above  this  coal  for  200  feet  are  usually 
found  a uumber  of  coals,  some  of  which  are  usually  important,  and 
at  the  top  of  this  series  is  quite  wjdeh^  found  a coal  of  some  im- 
portance that  has  been  called  the  Upper  Freeport.  In  some  lim- 
ited areas  this  coal  is  quite  persistent,  and  it  frequently  hapjxms 
that  where  it  is  not  persistent  there  occurs  a short  distance  below 


Fig-.  11.  Sketch  illustrating  splitting  of  “D”  or  Moshannon  coal 
west  of  Houtzdale,  Pa. 


A,  section  in  the  Cross  Keys  mine,  typical  of  “D”  coal  around 
Houtzdale  and  to  the  eastward. 

B,  C,  D,  three  sections  in  the  Yorkshire  mine;  from  B to  C 30 
feet;  from  C to  D 100  feet,  (showing  splitting). 

E,  F,  G,  three  sections  in  the  Webster  No.  4 mine. 

H,  I,  J,  three  sections  in  the  Falcon  No.  2 mine;  H and  I at  hack 
of  mine  (at  east);  J from  west  end  of  mine. 

K,  section  (lower  bench)  from  Eureka  No.  22  mine,  typical  of 
mines  at  Muddy  Run.  Upper  bench  12-55  feet  above  and  not  mined. 

Vertical  scale  of  coal  sections;  1 inch=5  feet. 
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the  Lower  Freeport  coal  that  locally  is  thick  and  persistent.  Fur- 
thermore, other  features  near  this  coal  bed  help  in  its  identitica- 
tion.  There  is  frequently  below  it  a bed  of  lunestone.  As  the  first 
coal  above  it  and  the  first  two  coals  below  are  also  fre<iuently 
underlain  by  limestone,  this  in  itself  has  but  little  value,  but  the 
limestone  above  is  usually  quite  ferriferous,  frequently  verging  over 
toward  an  iron  ore,  and  the  coal  associated  with  this  ferruginous 
limestone  is  usually  very  small,  generally  only  a few  inches,  though 
locally  it  becomes  workable.  But  further  there  is  freipieutly  asso- 
ciated with  this  Upper  Freeport  coal  some  drab  hint  clay  (Bolivar 
clay).  This  has  been  quite  widely  noted  in  Clearfield,  Indiana,  Jef- 
ferson, Clarion,  Armstrong,  Fayette,  Westmoreland  and  other  coun- 
ties. There  is  also  a flinty  shale  to  a flint  clay  below  the  coal 
next  above;  but  this  clay  is  very  impure,  usually  olive  in  color, 
quite  noticeably  ferruginous,  and  comes  some  little  distance  below 
the  coal.  The  coal  below  the  Upper  Freeport  has  not  yet  been 
found  to  be  associated  with  flint  clay,  though  the  evidence  is  nega- 
tive. Furthermore,  there  is  frequently  a small  amount  of  red  shale 
associated  with  the  Mahoning  coal,  the  first  coal  above  the  Upper 
Freeport,  that  is  noted  with  the  Upper  Freeport  in  Pennsylvania. 
In  the  earlier  work  the  Upper  Freeport  was  frequently  recognized 
by  its  presence  under  a massive  sandstone,  supposed  to  be  the 
Mahoning.  It  is  true  that  in  the  bluffs  opposite  the  town  of  Free- 
port the  Mahoning  sandstone  overlying  the  Upper  Freeport  coal 
is  magnificently  developed,  but  the  recent  work  seems  to  show 
that  the  Upper  Freeport  coal  is  more  frequently  overlain  by  shale 
than  sandstone,  and  that  often  the  so-called  Mahoning  sandstone 
has  red  shale  below  it  and  turns  out  not  to  be  just  where  it  had 
been  thought.  These  are  a few  of  the  minute  distinguishing  features 
that  have  been  used  to  identify  the  Upper  Freeport  coal.  In  the 
same  way  other  distinguishing  features  have  been  used  in  identify- 
ing some  of  the  other  beds.  Thus  flint  clays,  in  addition  to  their 
occurrence  below  the  Mahoning  and  the  Upper  Freeport  coal,  are 
commonly  found  below  the  Upper  Kittanning,  and  very  commonly 
below  the  Lower  Kittanning  coal.  The  Upper  Kittanning  is  the 
cannel  coal  bed  of  Pennsylvania.  Probably  every  deposit  of  canned 
. coal  of  workable  dimensions  comes  in  the  position  of  the  Upper 
Kittanning  coal.  This  is  true  in  Centre,  Clearfield,  Indiana,  Arm- 
strong and  Beaver  counties,  as  far  as  recent  studies  go.  Were  it 
possible  to  get  enough  data,  it  would  be  possible  to  show  just  the 
extent  of  each  of  these  sandstone  lenses,  the  correlation  of  each  of 
The  smallest  coals,  et  cetera.  In  some  cases  much  can  be  done 
where  at  first  sight  all  is  irregular  and  confused.  Thus  in  begin- 
ning the  study  of  the  Clarion  quadrangle  it  appeared  that  tlie  “B” 
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01'  Lower  Kittanning  coal  was  overlain  indill'erently  by  shale  or 
sandstone;  that  the  first  coal  above  came  anywhere  from  18  to  80 
feet  above,  et  cetera.  Later  work  showed  that  the  “B”  coal  had 
originally  been  covered  by  a characteidstic  dark  or  black  shale, 
that  after  the  laying  down  of  the  dark  shale  coal-forming  conditions 
had  existed,  resulling  in  a small  coal  and  seme  black  shale;  this 
was  followed  by  irregular  uplift  instead  of  subsidence;  that  erosion 
often  ent  down  through  the  shales,  frequently  as  sharp-banked  chan- 
nels, down  to  or  into  the  “R”  coal  below ; that  subsidence  with  an 
incursion  of  sand  followed,  but  the  sand  filling  up  the  old  irregulari- 
ties tended  to  make  a layer  over  the  higher  parts  of  the  old  surface 
10  to  20  feet  thick,  et  cetera.  It  was  then  easy  to  understand  the 
variableness  in  the  roof  of  the  “E”  coal,  the  occasional  appearance 
of  a coal  only  20  to  30  feet  above  the  “B”  coal  and  its  usual  absence, 
et  cetera.  I 

The  subject  of  stratigrajiliy  has  been  here  gone  into  at  some  length, 
in  order  to  impress  certain  facts;  first,  that  correlations  based  on 
otfhand  determinations  due  to  supposed  resemblances,  are  in  most 
cases  entirely  worthless;  second,  that,  as  a rule,  the  sandstones  are 
so  variable,  that  their  su])posed  tracing  for  long  distances  must 
always  be  open  to  (piestion,  and  that  correlations  based  solely  upon 
the  sandstones  must  be  of  very  doubtful  value;  third,  that,  in  many 
areas  where  the  obtainable  data  are  meager,  it  may  be  entirely  im- 
possible to  reach  positive  conclusions  as  to  the  correlation  of  the 
coals  and  rocks  of  that  area,  hut  that,  fourth,  it  is  often  possible  to 
determine  the  stratigraphic  relalions  of  the  beds  over  large  regions 
where  the  data  ai-e  very  meager  by  a careful  study  of  all  of  the 
miuutia  surrounding  the  beds  of  the  section,  and  the  careful  tracing 
of  those  beds  from  place  to  place,  in  doing  which  these  minutia  may 
be  brought  to  light,  as  well  as  from  a knoivledge  of  the  original 
physiographic  relations  of  the  beds  to  each  other,  their  distances 
apart,  et  cetera. 

In  a general  way  it  may  be  stated  that  the  beds  above  the  Pitts- 
burg bed  appear  to  be  more  regular  in  their  appearance  and  more 
constant  in  their  distance  from  one  to  another  than  the  beds  in 
the  lower  part  of  the  section,  though  recent  accurate  data,  obtained 
from  mine  shafts  and  drillings,  tend  somewhat  to  shake  that  suppo- 
sition. Further,  along  the  eastern  part  of  the  area  here  studied, 
all  of  the  three  great  key  horizons  fail,  so  that  thei'e  is  a somewhat 
greater  element  of  uncertainty  in  the  correlations  there. 

Mention  must  be  made  of  the  value  from  a stratigraphic  stand- 
point of  a study  of  the  fossil  plants  associated  ivith  tlie  coal  beds 
in  the  hands  of  David  White,  of  the  U.  S.  Geological  Survey.  In 
general,  ihe  fossil  plants  vary  but  little  in  passing  upward  from 
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bed  to  bed.  The  same  species  seem  to  recur  from  time  to  time,  so 
that  in  the  past  they  have  been  I'oniid  to  have  little  value.  By  a 
study  of  the  minute  variations  of  the  ditferent  species,  Mr.  M hite 
has  been  able  to  detect  as  it  were  the  changing  fashions  in  the 
same  species,  and  through  tliese  changiiig  fashions,  recorded  b\ 
slight  but  distinct  changes  in  the  forms  of  the  ])lants,  he  has  been 
able  to  add  a large  amount  to  confirmatory  evidence,  and  often 
to  correct  the  correlations  made  purely  on  stratigraphic  grounds. 

Finally  only  the  briefest  mention  must  be  made  of  the  fact  that 
probably  during  none  of  the  great  geologic  ])eriods  were  the  physio- 
graphic conditions  so  unstable  as  in  the  Carboniferous,  and  every 
variation  in  evei’y  rock  stratum,  every  lensing  out  of  a sandstone, 
was  the  result  of  the  changes  in  these  Tphysiographic  conditions. 
Thus  it  is  not  far  from  true  that  every  sandstone  in  the  coal  measures 
followed  immediately  a subsidence  that  had  been  ]>receded  by  up- 
lift and  erosion.  In  many  cases  the  sandstone  occupied  only  these 
eroded  hollows.  In  other  cases  it  was  laid  down  on  the  irregular 
eroded  surface,  but  to  a great  enough  de])th  to  cover  that  surface 
over  large  areas.  So,  too,  the  regularity  or  irregularity  of  each 
coal  bed  is  largely  an  expression  of  the  physiographic  conditions 
existing  at,  before,  or  after  its  laying  down.  If  laid  down  just  after 
a period  of  uplift  and  erosion,  it  is  apt  to  be  irregular  in  thick- 
ness, pockety,  et  cetera.  If  its  laying  down  was  followed  by  uplift 
and  erosion,  it  may  again  be  irregular,  but  from  a very  different 
cause,  and  so  on  indefinitely. 

The  frequent  occurrence  of  sandstones  filling  erosion  dei>ressions 
which  have  cut  out  the  top  of  the  coal  is  illustrated  in  plate  XI,  B. 
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CARBONIFEROUS. 


DUNKARD  SERIES. 

Thickness,  Character  and  Extent.  The  name  ^‘Uuiikard,”  or  “Diiuk- 
ard  Creek  Series,”  was  applied  by  I.  C.  Wliite  in  1891  to  the  deposits 
of  tliis  age  from  their  fine  exposures  along  Dnnkard  creek  in  Greene 
county.  There  remains  a thickness  of  between  1,100  and  1,200  feet 
of  these  rocks,  and  an  unknown  thickness  has  been  removed  by 
erosion.  In  general,  the  rocks  of  this  series  consist  of  shales,  shaly 
sandstones,  limestones  and  coals.  The  limestones  and  coals  are 
more  important  in  the  lower  part  of  the  series  and  to  the  northeast- 
ward in  Washington  county,  though  the  coals  are  rarely  workable. 
Going  southward,  all  of  the  limestones  but  one,  the  Nineveh,  disap- 
pear before  reaching  Jackson  county,  West  Virginia.  Red  shales 
are  abundant  in  the  upper  part  of  the  section  in  West  Virginia  and 
in  Greene  county,  but  disappear  toward  Washington  county.  Some 
of  the  sandstones  associated  ivith  red  shales  in  the  upper  part  of  the 
section  are  very  massive,  though  fine-grained. 

The  Dunkard  rocks  are  confined  to  Greene  and  Washington  coun- 
ties, Pennsylvania,  except  small  patches  in  Payette,  Westmoreland 
and  Allegheny  counties.  They  dip  to  the  southwest  so  that  their 
greatest  thickness  in  the  State  is  in  the  southwest  corner,  near  the 
headwaters  of  Dunkard  creek.  The  series  is  divided  into  two  for- 
mations, the  Greene  above,  and  extending  down  to  the  top  of  the 
Upper  Washington  limestone,  and  below  it  to  the  top  of  the  Waynes- 
burg  coal  is  the  Washington  formation.  The  composition  of  this 
series  is  shown  in  accompanying  sections  (fig.  12). 

GREENE  FORMATION. 

J.  J.  Stevenson  in  his  report  on  Washington  and  Greene  counties* 
gives  the  following  section  from  Centre  tovnship,  which  may  be 
taken  as  a generalized  section  for  Greene  county. 


*Second  Geological  Survey  of  Pennsylvania,  Kept.  Kl,  1S76,  p.  35. 
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1.  Section  from  Dunkard  Creek,  Greene  county, 
Pa.  (I.  C.  W.,  U.  S.  G.  S.  Bull.  65,  p.  22.) 

2.  Section  from  Colvins  Run,  Greene  county. 
Pa  (I.  C.  W.,  U.  S.  G.  S.  Buil.  65,  p.  23.) 

3.  Section  from  Aleppo  township,  Greene  county. 
Pa.  (I.  C.  W.,  U.  S.  G.  S.  Buli.  65,  p.  24.) 

G,  Gilmore  sandstone;  N,  Ninevah  coal;  N.  1, 
Ninevah  limestone;  P.  C.,  Fishcreek  sandstone;  D, 
Dunkard  coal;  U.  Wh.,  Upper  Washington  iime- 
stone;  M.  Wh.,  Middle  Washington  limestone;  Wh. 

A. ,  Washington  “A”  coal;  D.  Wh.,  Lower  Wash- 
ington limestone;  Wh.  Washington  limestone;  Wb. 

B. ,  Waynesburg  “B”  coal;  Wb.  A.,  Waynesburg 
“A”  coal;  Wb.,  Waynesburg  sandstone. 

Vertical  scale:  1 inch=200  feet. 


/ ^ J 

Fig.  12.  Selected  sec- 
tions to  illustrate  the 
stratigraphy  of  the  Dun- 
kard rocks. 
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GENERALIZED  SECTION  OF  THE  GREENE  FORMATION  IN  GREENE 

COUNTY. 

Feet.  Inches. 

Concealed,  80 

Limestone  (XIV) * 

Shale,  reddish,  SO 

Limestone  (XIII) 4 

Sandstone 00 

Limestone  (XII) 10 

Sandstone  and  shale,  80 

Limestone  (XI),  2 6 

Shale,  argillaceous 12 

Sandstone,  30 

Goal.  Nineveh,  1 8 

Sa.ndstone 36 

Shale,  bituminous 1 

Limestone  (X) , 2 6 

Sandstone,  shaly,  massive  (Fish  Creek),  100 

Coal,  Dunkard 1 6 

Limestone  (IXb) 3 

Sandstone  and  shale 30 

Limestone  (IXa) 6-15 

Shale,  sandy,  70 

Limestone  (VIII) 2-5 

Coal 1 8 

Sandstone,  19-30 

Limestone  (VII) , 2 6 

Sandstone,  31 

Shale  and  iron  ore 10 

Limestone,  Upper  Washington  (VI) 

♦Fragments. 

I.  C.  White  gives  the  following  section  of  the  Greene  formation 
along  Dunkard  creek,  the  type  locality : 

DUNKARD  CREEK,  GREENE  COUNTY,  PENNSYLVANIA. 

Feet.  Inches. 

1.  Concealed  from  top  of  Shough’s  knob 165 

2.  Sandstone,  massive,  Gilmore,  40 

3.  Shales,  with  limestone  at  base 15 

4.  Sandstone  and  shales  and  concealed 100 

5.  Shale,  red 2 

6.  Shales,  gray 20 

7.  Shale,  marly 2 

8.  Sandstone  and  shale,  35 

9.  Shale,  red 3 

10.  Sandstone  and  shale 50 

11.  Red  shale,  3 

12.  Shales  and  sandstone,  Nineveh 25 

13.  Shales 20 

14.  Coal,  Nineveh 1 6 
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DUNKARD  CREEK,  GREENE  COUNTY— Continued. 


15.  Shales 28 

16.  Limestone  (No.X),  Nineveh,  7 

17.  Shales,  sandstone  and  concealed,  100 

18.  Sandstone,  massive.  Fish  Creek,  20 

19.  Shales  with  fossil  plants,  10 

20.  Coal,  Dunkard:  Coal  5",  Slate  1",  Coal  6",  1 

21.  Limestone,  1 

22.  Sandstone,  10 

23.  Shales,  17 

24.  Limestone,  1 6 

25.  Shales  and  sandstone 25 

26.  Coal,  Upper  Washington,  1 1 

27.  Calcereous  shale,  fossilliferous,  fish  teeth 0 6 

28.  Limestone,  Upper  Washington,  4 


CHARACTERISTIC  MEMBERS. 

Windy  Gap  Limestone.  Windy  Gap  limestone  lias  been  named 
from  its  occurrence  near  ’\'\dndy  Gap,  a ‘‘divide”  in  Spring  Hill 
township,  Greene  county.  It  is  a bluish  gray  limestone,  quite  pure 
and  about  five  feet  thick,  containing  minute  fresh-ivater  fossils.  It 
is  limestone  No.  XIV  of  Stevenson  in  Eeport  K.  It  is  found  in  Penn- 
sylvania only  in  the  highest  iioints  in  southwestern  Greene  county. 

Windy  Gap  Coal.  Twenty-five  to  thirty  feet  above  the  last  de- 
scribed member  and  about  1,050  feet  above  the  Waynesburg  coal  is 
the  IVindy  Gap  coal,  the  highest  coal,  stratigraphically,  in  the  Ap- 
palachian region.  It  is  known  only  from  blossoms.  It  is  asso- 
ciated with  black  shale  containing  cypris. 

Gilmore  Bandstone.  A massive,  coarse-grained  sandstone  25  to 
40  feet  thick,  covers  a considerable  area  around  the  heads  of  Dunk- 
ard, Wheeling  and  Pish  creeks.  It  forms  long  lines  of  cliffs  on  the 
summits  of  the  ridges  and  is  good  building  stone.  For  200  to  250 
feet  below  the  Gilmore  sandstone  the  rocks  consist  mainly  of  red 
shale,  an  occasional  thin  limestone,  and  gray  sandstone  down  to 
the  sandstone  next  described. 

Nineveh  Sandstone.  This  sandstone,  named  from  its  occurrence 
near  Nineveh,  in  Greene  county,  is  a massive  yellowish,  gray,  coarse- 
grained, rather  soft,  sandstone,  splitting  readily  into  rectangular 
blocks.  It  outcrops  in  great  cliffs,  and  has  been  quarried  exten- 
sively at  Littleton  and  Jollytown. 

Nineveh  Coal.  This  is  the  uppermost  of  a series  of  five  thin  coals, 
sometimes  known  as  the  Bellton  coal  group,  from  their  fine  exposure 
at  Bellton.  It  is  seldom  over  a foot  thick,  but  is  highly  prized  locally 
for  smithing. 

Nineveh  Limestone.  This  limestone  has  a thickness  of  about  10 
feet,  though  often  split  up  by  shale  pax’tings  until  20  feet  thick.  It 
is  extensively  distributed,  being  traceable  near  to  the  Kanawha 
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river  in  West  Vii’ginia.  It  contain  minnte  fresh  water  fossils.  It 
is  limestone  X of  Stevenson  in  Report  K. 

Hostetter  Coal.  This  coal  occurs  75  to  100  feet  below  the  Xineveh 
limestone.  It  is  from  1 to  15  inches  thick  and  rather  pure.  At 
Bellton  it  is  130  feet  below  the  Xineveh  coal. 

Fish  Creek  Sandstone.  One  hundred  and  thirty-five  to  one  hun- 
dred and  fifty  feet  below  the  Xineveh  coal  is  a massive  cliff-making 
sandstone.  It  is  very  conspicuous  along  Fish  creek,  around  Deep 
Valley,  and  above  Littleton,  West  Virginia. 

Dunkard  Coal.  Within  20  feet  of  the  Fish  creek  sandstone  occurs 
a thin,  double  coal,  usually  not  more  than  12  to  15  inches  thick, 
but  almost  invariably  double.  At  Deep  Valley  the  parting  thickens 
up  to  5 feet.  The  roof  shales  contain  well-preserved  fossil  plants. 

Prosperity  Limestone.*  This  occurs  100  to  180  feet  above  the  Upper 
Washington  limestone.  It  is  a hard,  dark  blue  gray  to  nearly  black, 
limestone  with  a thickness  uj)  to  nearly  20  feet. 

Tenmile  Coalf  (Sparta  Coat).%  This  coal  has  a thickness  of  from 
1 to  3 feet  or  over.  It  contains  thin  partings,  and  occurs  between 
a black  shale  and  a shaly  sandstone.  It  was  erroneously  called  the 
Jollytown  by  I.  C.  White. 

Donley  Limestone.%  The  Donley  limestone  occurs  from  IS  to  15 
feet  above  the  bottom  of  the  formation,  and  in  southwestern  Wash- 
ington county  is  invariably  present  where  the  horizon  comes  to  the 
surface.  It  shows  typically  at  Donley  and  Donegal  township  a 
thickness  of  5 to  G feet.  It  is  hard  and  tough,  dark  steel-gray  to 
almost  black-colored,  coarse-grained,  and  showing  numerous  calcite 
crystals,  distinguished  by  its  peculiar  joining,  which  is  in  irregular 
blocks  only  3 feet  in  diameter  and  in  striking  resemblance  to  that 
of  dry  mud. 

Upper  Washington  Coal.\\  This  coal  comes  immediately  on  top 
of  the  Tapper  Washington  limestone,  imbedded  in  the  black  bitumi- 
nous shale  which  generally  overlies  that  limestone.  The  shale  is 
uniformly  present,  but  the  coal  is  variable,  its  maximum  thickness 
being  not  more  than  14  inches,  including  shale  and  clay  partings. 

Other  shales,  sandstones  and  limestones  occur  throughout  the  for- 
mation, as  shown  by  the  sections. 

WASHINGTON  FORMATION. 

General  Sections.^  The  following  section  is  a fair  average  of  the 
extreme  development  of  the  Washington  formation,  in  Washington 
county: 


•Economic  geology  of  the  Amity  quadrangle.  Bull.  300,  U.  S.  Geological  Survey,  p.  28. 
tEconomio  geology  of  the  Amity  quadrangle.  Bull.  300,  U.  S.  Geological  Survey,  p.  115. 
JGeology  of  oil  and  gas  fields  in  Steubenville,  Burgettstown  and  Claysville  quadrangles.  Bull. 
31S  1907,  p.  77. 

I [Geology  of  oil  and  gas  fields  in  Steubenville,  Burgettstown  and  Claysville  quadrangles.  Bull. 
318,  1907,  p,  76. 

§Geological  SUrv-ey  of  Pennsylvania.  Report  K,  1876,  p.  44. 
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GENERALIZED  SECTION  OF  THE  WASHINGTON  FORMATION  IN 

WASHINGTON  COUNTY. 

Feet. 

Limestone,  Upper  Washington,  30 

Sandstone,  40 

Coal  (Jollytown) 1 

Sandstone,  40 

Limestone,  Middle  Washington,  15 

Sandstones  and  shales 60 

Limestone 8 

Sandstone  and  shale 20 

Shale,  bituminous  or  coal,  1 

Limestone,  Lower  Washington,  20 

Coal,  Washington 10 

Sandstone,  laminated 12 

Coal,  little  Washington,  1 

Shale 6 

Limestone 20 

Coal,  Waynesburg  “B,”  1 

Sandstone 30 

Ijimestone 8 

Coal,  Waynesburg  “A,”  2 

Sandstone,  Waynesburg 60 

The  Diinkard  creek  section,  by  T C.  White,  in  the  type  locality,  is 
as  follows: 

DUNKARD  CREEK,  GREENE  COUNTY,  PENNSYLVANIA. 

Feet.  Inches. 

Calcareous  shale,  fossiliferous,  fish  teeth 6 

Limestone,  Upper  Washington,  4 

Shales  and  sandstone,  115 

Limestone,  Middle  Washington,  3 

Shales 40 

Sandstone 35 

Shale,  5 

Coal,  Washington  “A;”  Coal,  impure,  1'  2";  Fire  clay,  2'  6"; 

Coal,  6" 4 2 

Shales  and  sandstones,  60 

Limestone,  Lower  Washington 5 

Shales 5 

Coal,  Washington,  slaty,  5 

Shales  and  sandstones,  including  a coal  bed  near  center 110 

Coal,  Waynesburg  “A,”  2 6 

Shales 10 

Sandstone,  Waynesburg 50 

Shales,  with  fossil  plants  (Cassville) 5 

Waynesburg  coal,  

Other  sections  are  shown  graphically  in  fig.  12. 
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CHARACTERISTIC  MEMBERS. 

Upper  Washington  Limestone.  This  is  au  important  limestone  in 
Washington  county,  where  it  is  from  4 to  30  feet  thick,  and  very 
pure.  It  is  the  topmost  bed  of  the  Washington  formation,  and, 
with  the  exception  of  the  Waynesburg  sandstone,  the  most  conspicu- 
ous and  persistent  member  of  the  Uunkard  series.  It  occurs  070 
to  710  feet  above  the  Pittsburg  coal,  and  2S0  to  400  feet  above  the 
Waynesburg  coal.  It  is  a dark  blue  gray  to  blue  black,  or  nearly 
black,  limestone,  weathering  snowy  white  with  a tinge  of  blue.  It 
is  hard,  compact  and  brittle,  usually  separated  into  layers  by  thin 
beds  of  shale. 

Jollytovon  Limestone.  This  is  a hard,  grayish,  locally  brecciated 
limestone,  weathering  light  gray  to  dirty  yellow.  It  occurs  30  to 
40  feet  below  the  Upper  Washington  limestone. 

Jolly  town  Coal.  A small  coal  coming  a short  distance  below  the 
Jollytown  limestone. 

Middle  Washington  Limestone.  About  midway  between  the  Upper 
and  Lower  Washington  limestones  is  the  Middle  Washington  lime- 
stone, a very  persistent  stratum  of  Washington  county.  It  is  of 
a huffish  color,  and  10  to  20  feet  thick.  It  is  usually  coarsely  brec- 
ciated and  contains  numerous  spots  of  crj'stal  calcite.  It  is  highly 
ferruginous  and  weathers  to  bright  yellow. 

Washington  “A”  Coal.  An  imiiure  coal  sometimes  4 to  5 feet 
thick,  occurring  70  to  80  feet  above  the  Washington  coal,  usually 
shaly,  and  often  represented  only  by  its  bituminous  shale. 

Marietta  Sandstone.  The  last-named  coal  is  often  absent  and  the 
rocks,  for  iOO  to  125  feet  above  the  Washington  coal,  are  frequently 
sandstones  in  from  1 to  3 massive  benches.  This  is  less  true  in 
Pennsylvania  than  to  the  south  and  soutlnvest,  though  locally  this 
portion  of  the  column  contains  massive  sandstones  in  Penns3'lvania. 
These  sandstones  are  very  prominent,  and  have  been  extensively 
quarried  below  Marietta,  Ohio,  Parkersburg  and  Elizabeth,  West 
Virginia,  and  elsewhere.  One  of  the  beds  makes  the  big  cliffs  on 
the  hill  above  the  famous  McGugan  gas  well  in  Washington  count3^ 

Blacksville  Limestone.  A gray,  pure  limestone  3 to  5 feet  thick 
occurs  persistentlj'  30  to  50  feet  above  the  Washington  coal  in  Wash- 
ington and  Greene  counties.  It  is  called  Coal  III  by  Stevenson  in 
Report  K. 

Loiver  Washington  Limestone.  This  limestone  reaches  its  greatest 
thickness  where  it  is  20  to  30  feet  thick.  It  is  usually  iuterslrati- 
fied  with  shale.  Some  of  the  layers  are  frequently  ferruginous  often 
to  the  point  of  being  fair  iron  ore.  It  is  usually  hard  and  compact, 
light  bluish  gray,  llesh-colored,  weathering  bluish  white. 
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Washington  Coal.  This  is  the  only  widely  workable  coal  in  the 
Dunkard  series.  It  occurs  immediately  below  the  Ixiwer  Washington 
limestone.  It  is  always  separated  into  two  or  three  benches  by 
shale  partings,  which  greatly  reduce  its  workability.  It  sometimes 
reaches  a thickness  of  8 or  10  feet,  of  which  only  the  bottom  (2  or 
3 feet)  are  pure  or  merchantable.  The  upper  ]>art  is  usually  shaly 
and  high  in  ash. 

Washington  Sandstone.  A flaggy,  often  finely  laminated,  brown, 
micaceous  sandstone  often  underlies  the  Washington  coal,  being 
quite  persistent  in  Washington  and  Greene  counties  of  Pennsylvania. 

Little  Washington  Coal.  A thin,  unimportant  coal  comes  just 
under  the  Washington  sandstone.  It  is  most  persistent  in  Washing- 
ton county,  and  is  seldom  seen  elsewhere. 

Wayncshnrg  “B”  Coal.  A somewhat  more  persistent  bed  of  coal 
occurs  about  45  feet  below  the  Washington  coal,  having  a thickness 
of  1 to  2 feet,  though  usually  less. 

Colvin  Iiun  limestone.  A huffish,  ferruginous  limestone  from  3 to 
10  feet  thick  in  Pennsylvania  occurs  30  to  35  feet  below  the  Waynes- 
burg  “B”  coal.  It  is  limestone  I (a)  of  Stevenson  in  Report  K. 

Wayneshnrg  “A”  Coal.  This  coal  occurs  just  under  the  limestone 
last  mentioned.  It  is  GO  to  SO  feet  above  the  Wayneshnrg  coal. 
It  reaches  a thickness  of  3 to  4 feet,  but  is  usually  shaly  and  worth- 
less. 

Mt.  Morris  Limestone.  Two  to  five  feet  beloAV  the  Washington 
“A”  coal  is  a thin  limestone,  not  always  persistent.  It  is  from  1 
to  2 feet  thick,  except  in  Washington  county,  where  it  attains  over 
5 feet. 

Wayneshnrg  Sandstone.  Two  to  five  feet  under  the  Mt.  Morris 
limestone  is  the  top  of  the  Waynesburg  sandstone,  ])robably  the  most 
persistent  member  of  the  Dunkard  series.  Its  eastern  outcrop  makes 
an  almost  constant  line  of  cliffs  from  Greene  county,  Pennsylvania, 
to  the  Kanawha  river  in  West  Virginia.  It  reaches  a thickness  of 
75  to  100  feet,  and  over  wide  areas  is  gritty  or  conglomeritic.  This 
feature  makes  it  an  important  key  rock.  It  is  usually  of  a grayish 
white  to  yellowish  color. 

Cassville  Plant  Shale.  These  shales  are  highly  fossiliferous,  dark 
gray  shales,  that  sometimes  intervene  between  the  AVaynesburg  coal 
and  the  AVaynesburg  sandstone. 
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PENNSYLVANIA  SEPJES. 


THE  MONONGAHELA  FORMATION,  OR  UPPER  PRODUCTIVE 

MEASURES. 


Rocks  between  the  top  of  the  Waynesburg  coal  and  the  bottom  of  the  Pittsburg 

coal. 

Thickness,  Character  and  Extent.  This  formation  extends  from 
the  top  of  the  TVaynesbnrg  coal  down  to  the  bottom  of  the  Pittsburg 
coal.  Its  thickness  varies  from  200  feet  along  the  western  outcrop 
in  Ohio  to  380  feet  on  the  Monongahela  river.  It  is  said  to  reach 
over  400  feet  in  borings  in  West  Virginia.  In  Pennsjdvania  it  varies 
within  somewhat  narrower  limits.  Tlie  series  is  confined  to  the 
southwestern  part  of  the  State,  occupying  the  whole  of  Washington 
and  Greene  counties,  a considerable  portion  of  Allegheny,  Fayette 
and  Westmoreland  counties  and  small  isolated  areas  in  Somerset 
and  Indiana  counties. 

At  the  northeast  in  Greene,  Washington,  Fayette  and  Westmore- 
land counties,  limestones  make  up  fully  one-half  of  the  rocks  of  the 
formation,  and  in  this  region  the  formation  contains  at  least  six 
distinct  coal  beds,  three  of  which  are  valuable.  There  ai^e  also 
shales  and  sandstones.  Going  southward  or  southwestward,  the 
limestones  disappear,  and  all  of  the  coals,  except  the  Pittsburg  bed. 
In  place  of  the  limestones  appear  red  shales,  which,  on  the  Kanawha 
river,  make  u])  about  one-fourth  of  the  formation.  From  an  eco- 
nomic standpoint  this  formation  is  of  value  and  interest  from  the 
fact  that  it  contains  the  great  Pittsburg  coal  bed,  which  forms  its 
base.  Aside  from  the  Pittsburg  bed,  the  formation  shows  a number 
of  beds  that  locally  are  of  workable  thickness. 

The  following  four  sections  measured  by  I.  C.  White,*  taken  from 
the  four  principal  counties  in  which  it  occurs  will  give  a rather  com- 
prehensive view  of  the  composition  of  the  formation : 

FAYETTE  AND  WESTMORELAND  COUNTIES,  PENNSYLVANIA. 

Feet.  Inches. 


Coal,  Waynesburg 6 

Sandy  shales  or  sandstone 20 

Coal,  Little  Waynesburg 2 

Limestone,  Waynesburg,  20 

Shale  and  shaly  sandstone,  50 


♦Bulletin  65,  pp.  44-45. 
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FAYETTE  AND  WESTMORELAND  COUNTIES— Continued. 

Coal,  Uniontown,  3 

Limestone,  Uniontown 12 

Sandstone 30 

Limestone  “Great,”  SO 

Coal,  Sewickley,  3 

Sandstone,  30 

Limestone,  Sewickley 25 

Shale  or  shaly  sandstone,  20 

Coal,  Redstone,  4 

Limestone,  Redstone,  10 

Sandstone  or  shale,  40 

Coal,  Pittsburgh 12 


367 

BROWNSVILLE,  PAYETTE  COUNTY,  PENNSYLVANIA. 

Feet.  Inches. 

Coal,  Waynesburg,  blossom,  '. . . . 

Shales,  sandy 45 

Coal,  Little  Waynesburg,  blossom,  0 

Limestone,  Waynesburg,  4 

Shales  and  shaly  sandstone,  55 

Coal,  Uniontown,  blossom 0 

Limestone,  coarse,  yellow,  1 

Clay 3 

Shale  and  sandstone,  16 

Limestone 2 

Concealed,  17 

Sandstone,  3 

Limestone  with  shales,  42 

Concealed 16 

Limestone 6 

Concealed,  7 

Clay  shale 8 

Sewickley  coal  horizon,  0 

Sandy  shale  and  flaggy  sandstone,  . '. 30 

Limestone 30 

Shale , c5 

Coal,  Redstone,  0 6 

Shale,  sandy 25 

Coal,  Pittsburgh:  Coal,  0'  8";  Clay,  0'  10";  Coal,  7'  6" 9 


354  6 

WEST  BROWNSVILLE,  WASHINGTON  COUNTY,  PENNSYLA^ANIA. 

Feet.  Inches. 

Coal,  Waynesburg:  Coal,  0'  10";  Clay,  0'  3";  Coal,  2'  6" 3 7 

Shales  and  sandstone 45 

Bituminous  shale.  Little  Waynesburg  coal,  1 6 
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WEST  BROWNSVILLE,  WASHINGTON  COUNTY— Continued. 

Limestone  Waynesburg,  10 

Sandstone,  shaly 40 

Coal,  Uniontown,  3 

Limestone,  Uniontown,  12 

Shale  and  sandstone,  2S 

Limestone,  with  thin  shales,  8S 

Coal,  Sewickley,  blossom,  0 

Sandstone,  shaly,  32 

Limestone,  30 

Shales,  20 

Coal,  Redstone,  1 

Sandstone  and  shales,  45 

Coal,  Pittsburgh,  roof:  Coal,  0'  3";  Clay,  0'  3";  Coal,  V 0"; 

Clay,  1'  0",  2 6 

Coal,  Pittsburgh,  main  bench 7 0 


Total,  368  7 

RICE’S  LANDING,  GREENE  COUNTY,  PENNSYLVANIA. 

Feet.  Inches. 

Waynesburg  coal:  Coal,  1'  0";  Clay,  0'  5";  Coal,  1'  3";  Clay, 

r 2";  Coal,  2'  6",  6 4 

Shales,  40 

Limestone,  Waynesburg 6 

Shales  and  sandstone 45 

Coal,  Uniontown 1 6 

Limestone,  Uniontown 6 

Shales  and  sandstone 38 

Limestone,  “Great,”  82 

Coal,  Sewickley,  ■. 1 9 

Sandstone 40 

Limestone 25 

Sandy  shale,  30 

Slate,  bituminous  (Redstone  coal) 1 0 

Sandstone,  Pittsburgh,  flaggy 15 

Sandstone,  Pittsburgh,  massive 30 

Coal,  Pittsburgh,  Roof:  Coaly  shale,  1'  0";  Coal,  V 2";  Clay, 

0'  10";  Main  bench,  7'  0" 10 


Total,  378  1 

CHARACTERISTIC  MEMBERS. 

Wayncslurg  Coal.  This  bed,  viiich  forms  the  top  of  the  formation, 
is  almost  nniversally  double,  from  5 to  10  feet  thick,  one-fonrth  to 
oue-half  of  which  consists  of  clay  partings. 

Iron  Ore.  The  shales  underlying  the  Waynesburg  coal  sometimes 
contain  much  iron  ore  and  nodules,  which  was  at  one  time  mined 
in  Morgan  township  in  Greene  county. 
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Broivntoun  Sandstone.  lu  est  Virginia  a prominent,  hard,  gray, 
massive  sandstone  20  to  35  feet  tliick  occurs  5 to  10  feet  below  the 
Waynesburg  coal. 

Little  W(ijjnesl)urg  Coal.  A thin  streak  of  coal  or  bituminous 
shale  1 foot  or  less  thick  oecnrs  in  Pennsylvania  25  to  40  feet  below 
the  Waynesbnrg  coal. 

Waynesl)urg  Limestone.  Directly  below  the  last-named  coal  there 
is  widely  di.stributed  a dark  gray  limestone  8 to  10  feet  thick  which 
disappears  to  the  south. 

Unioniouii  Sandstone.  At  00  to  <5  feet  below  the  V^avnesburg 
coal  very  frequently  occurs  a massive  gray  sandstone. 

Uniontoicn  Coal.  This  coal  lies  80  to  100  feet  below  the  Waynes- 
burg coal.  Ill  Fayette  and  Washington  counties  it  is  3 feet  thick, 
or  less.  Soutlnvard  and  southwestward  it  thins  away  to  a mixutre 
of  coal  and  black  shale  containing  fish  remains. 

Lena  ood  Limestone.  Between  the  Uniontown  and  Sewickley  coals 
100  to  100  feet  of  the  section  is  composed  princijially  of  limestone 
and  limy  slialo.  Sometimes  it  is  almost  solid  limestone.  More  gen- 
erally, however,  it  is  made  up  of  many  limestone  members  separated 
by  limy  shale.  Local  names  have  been  given  to  several  of  the  more 
persistent  benches  or  members. 

Uniontoicn  Limestone.  The  top,  10  to  15  feet,  of  the  Benwood 
limestone  is  fairly  well  separated  from  the  rest  of  the  limestone 
below.  It  is  an  impure,  Iniflish,  magnesium  limestone,  suitable  for 
the  manufacture  of  natural  cement.  It  appears  to  be  the  only 
limestone  member  of  the  Benwood  limestone  that  reaches  the  Kana- 
wha in  West  Virginia.  In  Washington  county  it  is  30  to  40  feet 
thick,  just  below  the  T'niontown  coal.  Four  layers  of  limestone 
with  distinguishing  characteristics  may  be  described.  The  top  bed 
is  a brownish  red  limestone  weathering  soft  and  yellow.  Its  out- 
ci-op  is  usually  marked  by  brown  limestone  nodules.  One  foot  below 
this  bed  is  a blue  limestone  weathering  to  a white  clay,  through 
which  the  blue  shows.  Sixteen  to  18  feet  lower  is  a limestone  1 
foot  thick,  characteristically  spotted.  Ten  feet  under  that  is  a solid 
limestone  1 foot  thick  containing  hard  particles  that  resist  weath- 
ering, making  raised,  pimple-like  protuberances  on  the  weathered 
surface  of  the  rocks. 

Bulger  Limestone.  Separated  from  the  last  by  15  or  20  feet  of 
coarse,  calcareous  shale,  and  about  GO  feet  above  the  Sewickley 
coal,  is  a limestone  from  1 to  2 feet  thick,  of  a solid  to  muddy  brown 
color  and  uneven  to  smooth  fracture.  It  is  quite  persistent  and  a 
good  key  horizon.* 

Dinsmore  Limestone.  Below  the  Bulger  limestone  are  20  feet  of 
shales,  olive-green  on  top  and  red  or  yellow  below.  Under  them 


‘Bull.  31S,  p.  70,  1907. 
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are  4 feet  of  shales  and  limestones.  The  limestone  is  in  beds  4 to 
8 inches  thick,  of  a creamy  white  color,  separated  b}"  calcareous 
shale  that  weathers  out  and  leaves  the  limestone  ledges  in  bold 
relief.  This  limestone  is  the  most  persistent  feature  of  this  part 
of  the  IMonongahela  formation. 

SewickJey  Sandstone.  While  there  is  frequently  only  limestone 
and  shale  between  the  Uniontown  and  Sewickley  coals,  in  some  places 
a flaggy  to  massive,  often  double,  sandstone  20  -to  GO  feet  thick 
occasionally  appears  just  above  the  Sewickley  coal,  as  at  Big  Falls  on 
the  Monongahela  river. 

Sewicldey  Coal  (Meigs  creek  coal  of  Ohio  and  Mapletou  coal  of  oil 
and  gas  drillers).  Directly  below  the  last-mentioned  sandstone  is 
the  Sewickley  coal.  It  is  unimportant  in  northwestern  Washington 
county,  being  only  4 to  8 inches,  or  less,  thick,  but  increased  to  5 or 
6 feet  in  southeastern  Greene  county.  In  places  it  splits  up  until 
it  occurs  within  a total  space  of  20  to  .30  feet,  often  then  appearing 
as  two  benches  separated  by  uj)  to  17  feet  of  sandstone.  In  a recent 
publication*  J.  J.  Stevenson  has  assumed  from  a study  of  the  sec- 
tions and  well  records  that  this  variation  is  due  in  part  to  the  ap- 
pearing and  disappearing  of  coals  at  two  different  horizons,  one  of 
which  he  calls  the  Upper  Sewickley,  coming  just  above  the  Sewick- 
ley sandstone  and  under  the  Benwood  limestone,  the  other  coming 
under  the  Sewickley  sandstone  and  just  over  the  Fishpot  limestone. 
Locally,  the  Sewickley  sandstone  between  thins  out,  and  they  come 
together,  as  at  Uniontown.  While  recognizing  the  possibility  of 
such  distiuct  horizons,  the  members  of  the  Li.  S.  Geological  Survey 
in  their  recent  work  were  not  able  to  differentiate  an  Upper  and 
Lower  Sewickley  coal.  To  the  eastward  in  Maryland  and  to  the 
westward  in  Ohio,  two  beds  of  coal  appear  to  come  between  the 
Benwood  limestone  and  the  Bedstone  coal. 

Fishpot  (Seu'icJdey)  Limestone.  From  40  to  GO  feet  down  to  the 
Bedstone  coal  is  usually  occupied  "by  a sand.stone  and  one  or  two 
benches  of  limestone  separated  by  shale.  The  limestone  is  often 
20  to  30  feet  thick.  It  has  been  called  the  Fishpot  limestone. 

From  118  to  142  feet  above  the  floor  of  the  Pittsburg  coal  the 
shaft  sections  in  the  Uniontown  syncline  show  a coal  that  at  no 
place  reaches  a greater  thickness  than  2 feet.  This  distance  above 
the  Pittsburg  coal  would  correspond  to  that  of  the  Sewickley  coal 
in  the  basins  further  west,  but  it  should  be  remembered  that  in  the 
Uniontown  syncline  it  is  over  80  feet  to  the  Bedstone  coal  from  the 
Pittsburg. 

Bedstone  Coal.  Thirty  to  8-5  feet  above  the  Pittsburg  coal  a small 
bed  of  coal  is  frequently  found.  It  reaches  3 to  5 feet  in  thickness 


Geological  Society  of  America,  vol.  IS,  pp.  35-37. 
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iu  parts  of  Fayette  and  Somerset  comities.  Eeceiitly  it  lias  been 
correlated  as  the  Pomeroy  bed  of  Ohio.* 

RcclsioiiG  Limestone.  Immediately  under  the  Eedstone  coal  is 
often  found  a limestone  10  to  20  feet  thick.  It  is  in  great  force 
around  Wheeling,  West  A^irgiuia,  but  disappears  southward. 

Pittshurg  Sandstone.  When  the  Eedstone  limestone  is  prominent 
it  is  usually  underlain  by  shales  down  to  the  Pittsburg  coal.  When 
the  limestone  is  thin  or  absent  the  Pittsburg  coal  is  often  overlain 
by  a coarse,  pliable,  massive,  often  double,  sandstone  from  25  to  70 
feet  thick. 

Pittshurg  Coal.  The  Pittsburg  coal  is  the  best  known,  and  at  the 
present  time  the  most  valuable  member  of  all  the  rocks  in  south- 
western Pennsylvania.  By  carefully  measuring  the  areas  of  the 
Pittsburg  coal  bed  as  shown  on  the  maps  accompanying  Part  I of  the 
Annual  Eeport  of  the  Geological  Survey  of  Pennsylvania  for  1886, 
the  Coal  Eeport  of  the  West  Virginia  Geological  Survey,  vol.  II, 
1901,  and  “The  Coal  Fields  of  Ohio,”  Geological  Survey 'of  Ohio, 
vol.  ^G1,  190.3,  the  folloiving  areas  and  tonnage  of  tliis  bed  in  the 
three  States  mentioned  is  obtained : 


Area.  Thickness.  Est.  Tonnage. 

Pennsylvania 2,126  sq.  mi.  7 ft.  9,641,792,907 

West  Virginia 2,609  sq.  mi.  5 ft.  8,451,652,070 

Ohio 1,590  sq.  mi.  5 ft.  5,150,668,835 


23,244,093,812 

In  the  Pennsylvania  part  of  this  field  the  Pittsburg  bed  seems  to 
be  almost,  if  not  quite,  persistent.  In  parts  of  West  Virginia  and 
Ohio,  the  bed  is  thin  or  wanting.  It  a])pears  to  be  true  that  the 
IMttsburg  bed  was,  in  part  at  least,  laid  down  on  an  old,  .eroded 
surface.  South  of  Pittsburg  this  is  fairly  evidenced  in  surface  ex- 
posures, and  more  especially  in  the  mines,  the  coal  having  been 
laid  down  on  an  irregular  surface.  Plate  VI  shows  a small  area 
in  Allegheny  county,  south  of  Carnegie,  and  by  .structure  contours 
the  present  position  of  the  bottom  of  the  Pittsburg  coal.  The  origi- 
nal shape  of  the  surface  on  which  the  Pittsburg  bed  was  laid  down 
could  be  obtained  by  taking  the  difference  between  the  theoretical 
contour  surface  showing  the  structure  due  to  folding  by  mountain- 
making  forces,  and  the  actual  surface  of  the  bottom  of  the  coal. 

The  non-conformity  possibly  sliows  again  in  the  decreasing  interval 
from  the  Pittsburg  coal  to  the  Ames  limestone  in  going  westward 
from  Pittsburg.  This  internal,  which  is  practically  300  feet  at 
Pittsburg,  decreases  to  219  feet  at  Steubenville,  Ohio,  and  to  150 
feet  in  Guernsey  county,  Ohio. 


♦Economic  Geology,  vol.  3,  pp.  183-199,  1908, 
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The  Pittsburg  coal  in  its  ordinary  condilion,  as  seen  in  most  of 
Pennsylvania  and  Ohio,  is  double,  showing  the  ‘‘roof”  division,  which 
varies  from  solid  coal  to  laminations  of  coal  and  clay  from  1 to  12 
feet  thick,  separated  by  an  “over’”  clay  of  from  a few  inches  to  2 
feet  from  the  ‘‘main”  coal  below.  The  “main”  coal  is  again  divided 
by  thin  clay  partings  into  four  benches  called  the  “breast,”  ‘‘bearing 
in,”  ‘‘bi'ick”  and  “bottom”  coal.  The  different  benches  vary  in  char- 
acter and  quality.  The  “roof”  coal  is  seldom  worked. 

In  thickness  the  Pittsburg  ‘‘main”  bod  averages  about  7 feet  in 
I’ennsylvaiiia,  5 feet  in  West  Virginia  and  Ohio,  and  up  to  22  feet  in 
Maryland. 

The  bottom  of  the  Pittsburg  coal  is  usually  taken  as  the  bottom 
of  the  Monongahela  formation.  If,  as  now  seems  probable,  there 
is  an  unconformity  at  the  top  of  the  Conemangh  formation,  it  would 
seem  better  to  draw  the  formation  boundary  below  the  clay  which 
underlies  the  Pittsburg  coal,  as  that  clay  is  found  to  be  conforniable 
with  the  coal,  but  not  with  the  underlying  formation. 

CONEMAUGH  FORMATION  (OR  LOWER  BARREN  MEASURES). 

Thickness,  Character  and  Extent.  From  500  to  700  feet  below  the 
Pittsburg  coal  is  found  the  Upper  Freeport  coal.  The  rocks  betw'een 
consist  of  shales,  sandstones,  conglomerates,  limestones  and  thin 
coals.  They  are  distinguished  from  the  rocks  above  and  below  by 
the  relative  unimportance  of  the  contained  coals  and  by  the  abund- 
ant presence  of  red  shales.  The  name  Conemangh  (or  Lower  Bar- 
ren Measures)  has  been  apjdied  to  these  rocks  from  the  bottom  of 
the  Pittsburg  coal  to  the  top  of  the  Upi)er  Freeport  coal.  From 
Pittsburg  southward  this  formation  has  a thickness  of  about  600 
feet,  increasing  to  the  eastward  and  decreasing  to  the  westward. 
West  of  Pittsburg  the  thickness  decreases  50  feet  within  a few  miles, 
and  continuing  across  the  Panhandle  of  West  Virginia  into  Ohio, 
it  becomes  less  than  500  feet  and  even  down  to  400  feet  or  less  in 
southeastern  Ohio. 

The  lower  paiT  of  the  formation  is  usually  sandy.  The  middle 
or  upper  part  is  usually  characterized  by  red  and  green  shales.  A 
number  of  thin  limestones  appear  in  the  section  and  from  6 to  10 
thin  coals.  Several  of  these  coals  are  workable  locally  and  more 
generally  so  in  Maryland  than  in  Pennsylvania. 

Attention  has  already  been  called  to  the  probable  existence  of  a 
nonconformity  of  some  moment  at  the  top  of  the  Conemangh.  Speak- 
ing of  the  top  of  the  Conemangh,  I.  C.  White  says  “This  interval, 
immediately  below  the  Pittsburg  coal  for  30  to  40  feet,  is  more  varia- 
ble than  any  other  portion  of  the  Barrens,  and,  hence  it  is  useless 
to  try  to  classify  its  rocks.”  It  is  suspected  that  further  study 
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will  show  that  in  part  at  least  this  variability  is  due  to  the  uou- 
conformit}’-,  and  that  it  will  be  found  that  the  rocks  immediately 
below  the  Pittsburg  coal  in  the  eastern  part  of  the  field  have  been 
removed  further  west.  This  variation  is  well  displayed  along  the 
railroad  track  south  from  Carnegie.  Thus,  near  Heidelburg,  Alle- 
gheny county,  a railroad  cut  shows  the  following  section; 

SECTION  OF  ROCKS  UNDER  PITTSBURG  COAL  NEAR  HEIDELBURG, 

ALLEGHENY  COUNTY. 


Pittsburg  coal,  bottom  of — 

1.  Limestone,  hard,  6 in.  to  1 ft. 

2.  Shale,  2 “ 

3.  Limestone  yellow 1'  to  1'  3" 

4.  Shale,  dark,  with  iron  nodules  near  top 8' 

5.  Limestone,  upper  3'  well  jointed,  3’ 

Lower  1'  Nodular, 1' 

6.  Shale,  with  some  sandstone 10' 

7.  Limestone '. . . . 3' 

8.  Clay,  5' 


Fig.  14.  Sketch  showing  nonconformity  below  Pittsburg  coal  as  seen  at  Wood- 
ville,  Allegheny  county,  (showing  only  actual  exposures.)  The  coal  at  the  left 
has  been  on  fire  and  has  been  nearly  burned  out.  Scale;  1 inch=20  feet  nearly. 


Directly  across  the  tracks  from  the  station  at  Woodville  a .sketch 
was  made  showing  an  nnconfOrmable  contact  between  the  clay  under 
the  Pittsburg  coal  and  the  underlying  rocks  (fig.  14),  in  which  the 
edges  of  the  lime, stone  No.  5 of  the  section  at  Heidelburg  can  be 
clearly  seen  truncated  by  the  pre-Pittsbnrg  erosion,  the  clay  under 
the  coal  descending  until  it  rests  on  the  lowest  limestone  bed.  No. 
7 of  the  section. 

Frederick  E.  Peck  appears  to  have  been  the  first  to  observe  this 
nonconformity  as  displayed  from  Carnegie  to  Woodside.  A little 
further  south,  as  revealed  in  the  study  of  the  mine  maps  by  Mr. 
(Martin,  the  Pittsburg  coal  occupies  a northwest-southea.st  depres- 
sion that  at  the  time  of  the  deposition  of  the  coal  must  have  been 
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cut  down  to  at  least  40  to  GO  feet  below  the  adjoining  level.  The 
mine  maps  also  show  the  general  iiTCgnlar  character  of  the  floor 
upon  which  the  coal  was  laid  down,  as  shown  in  plate  VI.  In  fig. 
15  are  shown  a series  of  sections  of  the  Conemaugh  formation  rang- 
ing from  east  to  west  to  show  tlie  increase  in  thickness  in  that 
direction,  and  general  relation  of  the  members  and  the  variability  in 
the  composition. 

In  fig.  16  are  given  a number  of  short  sections  of  the  lower  parts 
of  the  formation  aligned  on  the  top  of  the  ITj)per  Freeport  coal  to 
better  show  the  composition  and  variability  of  that  part  of  the  for- 
mation. 

It  may  add  to  the  value  of  the  sections  in  fig.  15  to  describe  the 
rocks  in  a few  of  those  sections. 

SECTION  OF  CONEMAUGH  FORMATION  IN  PITTSBURG  REGION.* 

Feet.  Inches. 


Pittsburgh  coal,  0 0 

Concealed,  20 

Limestone,  2 

Shales,  variegated 65 

Limestone,  5 

Red  shale 20 

Concealed 70 

Sandstone,  Morgantown 45 

Coal,  Elk  Lick,  1 

Shales,  variegated 50 

Coal 2 

Limestone,  3 

Shales,  variegated 35 

Limestone,  crinoidal 2 

Coal,  crinoidal  (Hallem),  1 

Red  and  variegated  shale 30 

Sandy  shales  and  shaly  sandstone 50 

Coal,  Bakerstown 3 

Shales  and  sandstone 30 

Limestone,  Upper  Cambridge 2 

Sandstone,  massive 50 

Limestone,  Lower  Cambridge 1 

Shales,  10 

Coal,  Masontown  (Gallitzin),  (Brush  Creek) 1 

Shales 20 

Sandstone,  Mahoning 100 

Upper  Freeport  coal 0 


Total 618  0 


*1.  C.  White,  Bull.  65,  p.  72.  The  writer  questions  the  unity  ot  the  Mahoning  sandstone, 
as  it  nowhere  appears  as  a single  sandstone  stratum  o£  that  thickness  that  he  is  aware  of. 
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SECTION  OP  CONEMAUGH  FORMATION  ON  DUNBAR  CREEK,  FAYETTE 

COUNTY,  PENNSYLVANIA.* 

Feet.  Inches. 

Coal,  Pittsburgh,  0 0 

Concealed,  15 

Sandstone 10 

Coal,  Little  Pittsburgh 6 

Clay,  3 

Limestone  and  shale,  20 

Sandstone,  Connellsville 60 

Shales,  50 

Limestone 5 

Shale 5 

Sandstone,  Morgantown,  55 

Shale,  sandy 12 

Coal,  Elk  Lick 1 

Shale 12 

Concealed 12 

Shale,  variegated 35 

Coal,  clay,  crinoidal,  2 

Shales,  brown,  10 

Sandstone 28 

Shale 45 

Coal,  Bakerstown 2 

Shale,  63 

Limestone,  Lower  Cambridge,  3 

Shale,  7 

Sandstone,  argillaceous,  10 

Concealed,  25 

Coal,  Masontown 2 

Clay 30 

Sandstone,  Upper  Mahoning,  35 

Coal,  Mahoning 2 

Fire  clay,  4 

Sandstone,  Lower  Mahoning 35 

Coal,  Upper  Freeport 

Total,  598  6 


SECTION  OP  CONEMAUGH  FORMATION  AT  LIGONIER,  WESTMORE- 
LAND COUNTY,  PENNS YLVANI At 

Feet.  Inches. 

Pittsburgh  coal 

Concealed,  60 

Coal,  Little  Pittsburgh 1 6 

Limestone,  8 

Concealed 27 

Shale,  variegated 43 

Coal,  Little  Clarksburg 1 6 

Shale 10 


♦J.  J.  Stevenson,  Geological  Survey  of  Pennsylvania,  Report  KK,  p.  182. 
tJ.  J.  Stevenson,  2d  Pennsylvania  Survey.  Report  KKK,  p.  129. 


Plate  yi.  Sketch  map  showing  by  5-foot  contours  the  structure  or  “lay”  of  the  base  of  the  Pittsburg  coal  south  of  Car- 
negie. Solid  and  broken  lines  from  detailed  mine  maps  based  on  spirit  level  elevations;  dotted  lines  from  drillings  and  sur- 
face geology.  Horizontal  scale:  1 inch=4,000  feet;  contour  interval  5 feet. 
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Feet.  Inches. 

Concealed,  10 

Sandstone,  Morgantown 115 

Shale,  olive 18 

Coal,  Elk  Lick,  3 6 

Shale 15 

Limestone,  green,  fossiliferous,  0 0 

Shale,  20 

Sandstone,  5 

Clay '. 8 

Limestone,  ferruginous,  2 

Shale 10 

Sandstone 25 

Concealed 100 

Shale 5 

Sandstone,  Upper  Mahoning 15 

Shale 20 

Coal,  blossom,  Mahoning,  

Concealed 50 

Sandstone,  Lower  Mahoning,  25 

Shale,  5 

Coal,  Upper  Freeport. 

Total,  602  6 

SECTION  OF  CONEMAUGH  FORMATION  NEAR  BERLIN,  SOMERSET 

COUNTY,  PENNSYLVANIA.* 

Feet.  Inches. 

Pittsburg  coal 

Interval,  shales,  sandstones,  etc.,  200 

Coal,  1 

Limestone,  gray  and  buff 10 

Concealed 50 

Sandstone,  massive 25 

Shales,  dark 15 

Coal,  Platt  (crinoidal):  Cannel  shale,  1';  Coal,  shaly,  2'; 

Shale,  1';  Coal,  3' 7 

Sandy  shales  and  black  slates,  50 

Coal,  Price  (Bakerstown) : Coal,  3'  2";  Shale,  0'  4";  Coal,  0'  6",  4 

Shales,  dark,  4 

Limestone,  dark  gray:  Limestone,  V 8";  Shale,  0'  8";  Lime- 
stone, 1'  4" 3 8 

Shale ..  6 

Coal 1 6 

Shales,  and  concealed,  45 

Coal,  Coleman 1 6 

Shale,  dark ..  2 

Limestone,  Coleman  (Upper  Cambridge) 1 

Shales 10 

Sandstone,  and  concealed 15 


•Platte  & White. 
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Feet.  Inches. 


Shales,  sandy 15 

Coal,  Philson:  Coal,  1' 3";  Shale,  black,  0'  9";  Coal,  0'  6",  ....  2 6 

Fire  clay 2 

Limestone,  Philson  (Lower  CamVjridg'e) ; Limestone,  dark, 

1'  0";  Shale,  black,  0'  4";  Limestone,  2'  0",  3 4 

Concealed,  and  shales 25 

Coal,  Masontown 2 

Concealed,  5 

Sandstone,  Mahoning-,  and  concealed 100 

Coal,  Upper  Freeport. 


Total 699  2 


CHARACTERISTIC  MEMBERS. 

Pittslmrg  Coal  Iron  Ores.  Jn  Favette  county  a grouj)  of  iron  ores 
come  immediately  below  the  Pittsburg  coal  and  have  been  mined 
for  the  manufacture  of  iron  for  75  year.s  or  more.  These  ores  are 
confined  principally  to  Ihe  P>lairsvi!le  Basin.  They  ajipear  to  replace 
ferruginous  limestone  at  other  places. 

Little  Pittslmrg  Coal.  From  25  to  GO  feet  below  the  Pittsburg  coal 
is  a thin,  persistent  coal  bed,  usually  only  1 to  2 feet  thick.  In 
Somerset  county  and  in  Maryland  there  fre([ueutly  appear  to  be  two 
Little  Pittsburg  coals  occurring  above  and  below  the  L’^pper  Pitts- 
burg limestone.  Occasionally  they  are  3 or  4 feet  thick  locally. 

Pittsburg  Limestones.  The  section  near  Heidelburg,  given  on  a 
preceding  page,  shows  4 limestones  close  below  the  Pittsburg  coal. 
Limestones  have  been  widely  noted  v/ithin  a sliale  interval  of  50  to 
75  feet  below  the  Pittsburg  coal,  and  it  has  generally  been  assumed 
that  there  were  two  more  or  less  regular  horizons  known  as  the 
Upper  and  Lower  Pittsburg  limestones.  The  section  just  referred 
to  shows  that  the  Upper  l^ittsbui’g  limestone  may  be  any  one  of 
several  limestones  just  under  the  Pittsburg  coal.  From  this  it  may 
be  assumed  that  the  part  in  question,  the  Upper  Pittsburg  limestone, 
has  split  up.  The  Tipper  limestone  as  found  is  usually  only  from 
3 to  5 feet  thick,  while  the  Lower  is  sometimes  much  thicker  and 
purer. 

Connellsmlle  Sandstone.  A massive,  fine,  conglomeritic  sandstone 
frequently  comes  a short  distance  below  the  Pittsburg  limestone. 
It  is  often  a cliff  maker.  It  is  more  prominent  in  Maryland  and 
West  Virginia  than  in  Pennsyhnnia.  Its  top  is  from  40  to  60  feet 
below  the  Pittsburg  coal,  v 

Little  Clarlcshnrg  Coal.  One  hundred  to  125  feet  below  the  Pitts- 
burg coal,  and  close  under  the  Connellsville  sandstone,  is  a thin 
bed  of  shaly  coal.  It  is  usually  not  over  1 to  2 feet  thick,  but  in 
Somerset  county  and  in  Maryland  becomes  6 feet  thick,  or  more. 
It  usually  remains  shaly  or  has  a high  ash.  It  is  probably  this  coal 
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that  reaches  a thickness  of  5 or  6 feet  in  local  spots  around  Baring- 
ton,  Washington  county. 

Clarkshurg  Limestone.  Just  under  the  Little  Clarksburg  coal 
often  occurs  a limestone  characteristically  filled  with  ostracoids  and 
fish  remains.  It  is  3 to  9 feet  thick  and  up  to  30  feet  thick.  Some 
of  it  is  ferruginous  enough  to  have  been  mined  at  one  time  for  iron. 

Morgantown  Sandstone.  This  sandstone  is  one  of  the  most  per- 
sistent members  of  the  Conemangh.  It  is  often  a cliff  maker  and 
nearly  evei^ywhere  is  suitable  for  quarrying.  It  is  from  25  to  50 
feet  thick,  and  its  top  comes  200  feet  below  the  Pittsburg  coal. 

Elk  Lick  Coal.  Immediately  below  the  Morgantown  sandstone  a 
thin  coal  is  reported  to  have  a wide  extent.  In  Westmoreland, 
Fayette  and  Allegheny  counties  it  is  persistent,  but  usually  under 
2 feet  thick.  In  Somerset  county  it  reaches  a thickness  of  4 feet  and 
has  been  mined  locally. 

Elk  Lick  Limestone.  In  Somerset  county  a limestone  12  feet  or 
less  in  thickness  occurs  a short  distance  below  the  Elk  Lick  coal. 
It  does  not  appear  to  be  i^ersi stent  to  the  westAvard. 

The  Ames  or  Crinoidal  Limestone.  This,  as  stated  elsewhere,  is 
one  of  the  great  key  horizons.  Though  a relatively  thin  limestone, 
rarely  more  than  2 feet,  it  appears  to  have  been  very  widely  de- 
posited, and  in  general  to  haA'e  characteristics  that  render  its  recog- 
nition easy  and  certain.  Prof.  Stevenson  describes  it  as : “Dark 
bluish  or  greenish  gray,  tough, ^ and  breaks  with  a granular  surface 
which  resembles  that  of  coarse  sandstone.  * * * jxi  all  cases 

it  is  fossiliferous  and  contains  immense  numbers  of  crinoidal  stems 
and  spines  or  plates.”  A recent  detailed  work  in  the  SeAvickley 
quadrangle  Mr.  Munn  has  noted  one  or  two  limestones  betAveeu  the 
Ames  and  the  Bakerstown  coal.  These  resemble  the  Ames  so  closely 
that  he  has  had  to  depend  on  the  association  with  the  Ames  of  the 
yellow  shale  in  which  it  lies  and  the  red  shale  below  to  distinguish 
them.  It  is  the  highest  limestone  in  the  coal  measures  containing 
marine  fossils.  It  conies  almost  exactly  half  way  from  the  Pittsburg 
coal  to  the  Upper  Freeport  coal.  It  has  been  recognized  over  much 
of  southwestern  Pennsylvania,  OAnr  eastern  Ohio,  in  northeastern 
Kentucky,  and  in  northAvestern  and  southAvestern  VJest  Virginia. 
Its  distance  below  the  Pittsburg  coal  at  Steubenville  is  219  feet, 
determined  as  the  average  of  many  spirit  leveled  measurements. 
Near  Coraopolis  similar  measurements  giAn  230  feet,  and  near  Alle- 
gheny City  280  feet.  This  inteiwal  with  slight  increase  it  holds  to 
the  east  and  south.  Its  distance  aboAn  the  Upper  Freeport  coal  in 
PennsylA’ania  is  from  300  to  350  feet.  When  the  limestone  is  absent 
its  position  is  often  marked  by  the  presence  of  the  fossiliferous 
beds  which  ordinarily  accompany  it. 
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Harlem  (Friendsville  or  Crinoidal)  Coal.  Close  below  the  Ames 
limestone  is  a thin  coal,  usually  not  over  8 inches  thick.  It  appears 
to  be  workable  in  the  Berlin  Basin  of  Somerset  county,  and  in  a 
few  other  places. 

Pittsburg  Red  Shales.  Through  most  of  Pittsburg  and  West  Vir- 
ginia the  Ames  limestone  is  underlain  by  a considerable  thickness 
of  red  shale.  These  shales  when  wet  produce  a stickj^  red  mud  on 
the  surface  and  cave  in  oil  wells,  making  it  necessary  to  case  through 
them.  This  is  probably  the  thickest  and  most  widespread  group  of  red 
shales  occurring  in  the  Conemaugh.  They  are  described  by  I.  C. 
White  as  making  a broad  red  band  along  their  outcrop  through 
West  Virginia. 

Saltsburg  Sandstone.  The  name  Saltsburg  sandstone  was  origi- 
nally applied  to  the  great  body  of  sandstone  outcropping  opposite 
Saltsburg  on  the  Kiskiminetis  river.  It  is  there  120  feet  thick,  and 
its  top  is  285  feet  above  the  Upper  Freeport  coal.  The  sandstone 
here  appears  to  be  somewhat  anomalous,  and  it  seems  quite  possible 
that  the  unusual  thickness  is  due  to  the  local  union  of  two  sand- 
stones, the  Buffalo  sandstone  below,  and  what  has  sometimes  been 
called  the  First  Cow  Run  sand  of  the  oil  drillers.  Such  cases  of  two 
sandstones  pinching  out  the  intervening  strata  and  running  together 
are  not  uncommon.  Between  these  sandstones  is  ordinarily  the 
Bakerstown  coal  with  the  associated  red  shale,  limestone,  et  cetera. 
G.  C.  Martin,  in  his  report  on  the  coal  measures  of  Maryland,  uses 
the  name  Saltsburg  for  the  sandstones  above  the  Bakerstown  coal. 
Apparently  a similar  condition  exists  in  the  western  part  of  the 
Kittanning  quadrangle,  where  there  are  40  to  50  feet  of  sandstone 
below  the  Bakerstown  coal  and  GO  to  80  feet  of  sandstone  above 
the  two  sandstones,  being  separated  by  the  thin  interval  of  shale 
containing  the  coal,  though  this  separation  is  often  not  observable. 

Balcerstoiai  Coal.  Seventy-five  to  90  feet  below  the  Ames  lime- 
stone is  found  the  Bakerstown  coal,  so  named  froin  its  occurrence 
at  Bakerstown  in  northern  Allegheny  county.  It  comes  from  175 
to  220  feet  or  more  above  the  Upper  Freeport  coal.  Though  gen- 
erally thin,  this  bed  reaches  a mineable  thickness  in  places,  and 
is  mined  in  a few  places  commercially.  It  has  a thickness  of  up  to 
5 feet. 

Loiver  Red  Shales.  BeloAV  this  coal  red  shale  is  found  rather  per- 
sistently as  far  east  as  the  northeast  corner  of  Indiana  county  or 
beyond. 

Upper  Cambridge  Limestone.  Associated  with  these  red  shales  is 
often  found  a thin  limestone.  Sometimes  apparently  there  is  more 
than  one.  It  is  quite  possible  that  these  limestones  are  not  per- 
sistent. They  appear  to  occupy  the  position  of  the  Upper  Cambridse 
limestone  of  Ohio. 
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Buffalo  Creek  Sandstone.  Tn  the  region  of  Buffalo  creek  in  Butler 
county,  and  following  down  the  Allegheny  river,  there  is  a iironiinent 
sandstone  that  occufiies  the  stratigraphic  position  between  the  Gal- 
litzin  (Brush  creek)  and  Bakerstown  coals.  In  southeastern  Jeffer- 
son and  northwestern  Indiana  counties  and  in  much  of  the  country 
to  the  east,  is  a notable  shaly  interval.  The  shales  showing  in  the 
railroad  cuts  all  about  Punxsutawney  and  Lindsey  come  at  this 
horizon.  They  occupy  practically  the  whole  interval  between  the 
Gallitzin  (Brush  creek)  and  Bakerstown  coals,  except  for  the  red  shale 
at  the  top.  In  Ohio  this  interval  is  usually  occupied  by  shale. 

Lower  Cambridge  Limesionc.  From  90  to  130  feet  above  the  Upper 
Freeport  coal  is  a limestone  that  is  characteristically  dark,  often 
black,  and  usually  very  full  of  marine  fossils.  It  is  usually  asso- 
ciated with  black  shales  and  underlain  by  a coal  bed.  If  the  corre- 
lation has  been  correctly  made,  this  is  one  of  the  most  widespread 
members  of  the  Appalachian  Coal  Measures.  It  would  appear  to  be 
traceable  from  the  Allegheny  front  across  Pennsylvania  and  Ohio 
into  northeastern  Kentucky.  This  wide  correlation  is  not  altogether 
certain,  and  the  limestone  has  not  proven  as  valuable  a key  horizon 
by  far  as  the  Ames  limestone.  As  the  Upper  Cambridge  limestone 
is  often  dark  and  contains  the  same  fossils  as  the  Lower,  they  are 
often  confused. 

Gallitzin  Coal.  The  Gallitzin  coal  has  passed  under  a variety 
of  names.  Gallitzin,  Brush  Creek,  Masontown  and  Farmington,  are 
among  the  many  names  that  have  been  used  for  apparently  this 
same  coal.  It  appears  to  have  been  first  described  and  its  position 
accurately  determined  at  the  tunnel  at  Gallitzin,  in  volume  HH 
of  the  Second  Pennsylvania  Survey,  but  was  not  named  in  that 
volume.  It  was  recognized  as  above  the  Upper  Freeport  coal,  and 
supposed  at  that  time  to  be  the  first  coal  above,  as  it  is  at  that 
point.  In  volume  HHH,  page  293,  the  first  coal  above  the  Upper 
Freeport  is  called  “the  Gallitzin  coal,”  though  in  the  section  where 
it  appears,  it  is  applied  to  the  first  coal  above  the  Upper  Freeport, 
which  in  this  case  is  at  the  horizon  of  the  Mahoning  coal.  It  was 
recognized  at  that  time  as  occupying  the  same  stratigraphic  position 
as  the  Brush  creek  coal,  which  I.  C.  White  had  then  seen  but  not 
described.  As  to  the  matter  of  publication,  the  two  reports  HHH 
and  Q bear  the  same  date  of  publication,  though  the  field  work  for 
volumes  HH  and  HHH  preceded  that  for  volume  Q.  As  the  type 
locality  Gallitzin  has  the  distinct  advantage  that  the  shaft  section 
at  that  town  gives  accurately  the  position  of  the  Gallitzin  coal  in 
relation  to  the  Upper  Freeport  coal,  while  at  Brush  creek  the  exact 
distance  of  the  Brush  creek  coal  to  the  Tapper  Freeport  coal  is  still 
quite  uncertain,  the  term  Gallitzin  has  here  been  adopted  for  general 
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use.  In  report  Q Dr.  White  describes  the  Brush  creek  coal  as  75 
feet  above  the  Upper  Freeport.  In  his  receut  volume  on  coal  for  the 
West  Virginia  Geological  Survey  (volume  2,  page  304,  1903),  he  says; 

* * but  subsequent  investigation  revealed  the  fact  that  the 

coal  along  Brush  creek  lies  more  thau  100  feet  above  the  base  of  the 
Conemaugh,  aud  is  the  second  coal  above  the  Upper  Freeport  seam 
instead  of  the  first,  so  that  the  name  ‘Brush  Creek’  having  been 
given  under  a misapprehension,  has  to  be  dropped.”  The  Gallitzin 
coal  is  almost  if  not  quite  as  persistent  as  the  Lower  Cambridge 
limestone.  The  fact  that  the  coal  here  occurs  under  the  limestone 
distingnishes  it  from  the  Mahoning  coal  or  the  coals  of  the  Alle- 
gheny formation,  where  with  the  local  exception  of  the  Vanport,  in 
all  cases  of  association  of  the  coals  and  limestones  the  coal  is  above 
the  limestone.  The  coal  occurs  from  90  to  130  feet  above  the  Upper 
Freeport  coal,  the  interval  at  Gallitzin  of  110  feet  being  about  the 
average. 

Mahoning  Sandstone  Group.  The  limestones  and  composition  of 
the  Mahoning  sandstone  group  has  been  a matter  of  some  question 
in  the  past,  but  there  has  come  to  be  substantial  agreement  that 
any  sandstone  between  the  horizons  of  the  Upper  Freeport  coal 
and  the  Gallitzin  coal  belongs  in  the  Mahoning  group.  Notwith- 
standing that  this  is  always  thought  of  as  a sandstone  group,  pos- 
sibly the  most  persistent  member  of  it  is  a clay.  This  has  been  des- 
ignated the  Thornton  fireclay  by  I.  C.  White,  from  Thornton,  Taylor 
county,  IVest  Virginia,  where  it  is  extensively  mined  and  shipped. 
Examination  of  drillings  and  sections  of  this  part  of  the  Conemaugh 
almost  always  shows  the  presence  of  a clay  40  to  60  feet  above  the 
Upper  Freeport,  though  often  absent.  Over  this  clay  is  frequently 
found  a small  coal  bed,  and  under  it  a limestone,  usually  ferruginous, 
sometimes  grading  over  into  an  iron  ore  (the  Johnstown  ore  horizon 
of  the  Second  Survey).  There  is  also  frequently  a little  red  shale 
at  this  horizon.  This  is  apparently  the  lowest  horizon  in  Penn- 
sylvania at  which  red  shale  occurs  in  the  coal  measures.  The  spaces 
above  and  below  this  coal  group  of  coals,  limestones,  iron  ores,  and 
clay,  may  be  filled  with  sandstone  or  with  shale,  clay,  et  cetera. 
It  is  only  locally  that  both  spaces  are  filled  with  massive  sandstone, 
though  (piite  commonly  one  or  the  other  is  filled  with  a massive 
coarse-gi’ained,  often  gritty  sandstone.  The  exact  type  locality  of 
the  Mahoning  group  is  not  now  known,  but  it  is  supposed  to  have 
been  some  portion  of  the  valley  of  Mahoning  creek.  On  Mahoning 
creek,  in  southeast  Jefferson  county,  as  well  as  in  northeastern 
Indiana  county  and  at  least  the  southern  half  of  Clearfield  county, 
the  interval  below  the  Mahoning  coal  usually  contains  little  or  no 
sandstone,  but  instead  40  to  60  feet  of  shale  more  than  usually  free 
from  sand.  In  the  same  region  the  space  above  the  Mahoning  coal 
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frequently  contains  a hard  massive  conglomerate,  as  may  be  seen 
occupying  the  Chestnut  Ridge  anticline  near  the  corner  of  the  three 
counties  mentioned.  In  that  region,  in  the  shale  interval  below  the 
Mahoning  coal  there  is  frequently  found  a portion  of  the  shale 
that  is  very  fine-grained  and  tends  to  grade  over  into  a flint  clay, 
occasionally  becoming  a fair  grade  of  clay,  though  usually  too  fer- 
ruginous. This  condition  is  well  illustrated  by  two  sections,  the 
first  taken  from  above  the  tunnel  south  of  Moxham,  on  the  Johns- 
town quadrangle,  and  the  second  from  a neiv  cut  on  the  Buffalo, 
Rochester  and  Pittsburg  R.  R.,  close  to  Williams  station  east  of 
Punxsutawney.  Both  sections  were  hand  leveled  by  the  writer. 

SECTION  ABOVE  TUNNEL  SOUTH  OF  MOXHAM  NEAR  JOHNSTOWN,  PA. 

Feet.  Inches. 


Sandstone,  thin  and  cross-bedded  (Upper  Mahoning),  8 

Shale,  brown 2 

Coal,  Mahoning:  Coal,  0'  3";  Shale,  dark  drab  to  black  sand, 

2'  0";  Coal,  0'  7",  2 10 

Clay,  hard,  ..  6-8 

Limestone,  ferruginous  (Johnstown  ore  horizon) 1 6 

Clay,  drab 1 

Hidden;  probably  gray  shale,  15 

Clay;  some  a yellow  flint  clay 10 

Sandstone,  brown  and  gray,  m.assive 20 

Shale,  brown,  sandy,  7 

Coal,  Upper  Freeport:  Coal,  3'  3";  Parting  thin  coal  and  clay 

in  bands,  0'  7",  3 10 

Clay,  light  drab,  4 

Clay,  hard,  gnarly,  changing  to  sandstone  below,  4 


79  10 

SECTION  AT  WINSLOW  STATION,  BUFFALO,  ROCHESTER  & PITTS- 
BURG R.  R.,  EAST  OF  PUNXSUTAWNEY. 

Feet.  Inches. 

Sandstone,  brown,  shaly T 6 


Shale,  light-drab,  6 

Shale,  black  (place  of  Mahoning  coal) 1 


Clay,  olive  drab 2 

Shale,  deep  chocolate  and  olive  (fairly  typical  red  shale) 4 

Limestone,  highly  ferruginous  (much  of  it  calcareous  iron 

ore)  (Johnstown  ore  horizon) 4 

Shale,  olive,  very  fine-grained 23 


Shale,  black 1 

Clay,  olive-drab,  hard,  6 

Clay,  dark-drab 10 


Clay,  olive-drab 2 

Shale,  olive,  sandy,  grading  into  olive  sandstone  below,  10 

To  railroad  track.  


52 


11 
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This  clay  is  generally  distinguishable  from  the  flint  clays  of  the 
underlying  Allegheny  formation  by  its  rusty  olive-jvllow  color.  In 
Lawrence  and  Beaver  counties  there  occurs  a very  similar  clay,  but 
there  it  is  thought  to  come  above  the  Mahoning  coal.  In  the  west- 
ern part  of  the  coal  field  it  is  more  usually  the  lower  space  that  is 
filled  with  sandstone,  which  there  quite  often  becomes  very  massive 
and  coarse-grained.  The  variableness  of  these  sandstones  has  not 
been  fully  recognized  in  the  past  and  many  eri-ors  of  correlation 
have  resulted  from  their  misinterpretation.  As  is  brought  out  under 
the  heading  of  coal,  the  base  of  the  Lower  Mahoning  sandstones 
rests  on  a slightly  eroded  surface.  It  is  usually  separated  from  the 
coal  by  a few  feet  of  shale,  variable  in  thickness  and  often  cut  out. 
When  the  sandstone  rests  on  the  coal  it  is  found  to  displace  the  top 
of  the  coal  bed  irregularly  and  often  the  whole  bed  has  been  re- 
moved. 
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ALLEGHENY  FORMATION. 


GENERAL  CHARACTER  AND  THICKNESS. 

This  formation,  which  was  originally  known  as  the  Lower  Pro- 
ductive Coal  Measures,  yields  about  40  per  cent,  of  the  bituminous 
coal  mined  in  Pennsylvania.  Tt  forms  a broad  but  irregular  belt 
or  fringe  around  the  coal  held  in  Pennsylvania,  and  is  brought 
up  well  within  the  coal  field  by  the  jirominent  anticlines.  It  is 
usually  distinguished  from  the  Conemaugh  formation  abovT  mainly 
by  the  presence  in  it  of  several  workable  coal  beds,  and  from  the  un- 
derlying formation  by  the  smaller  amount  of  sandstone  that  it  con- 
tains. It  has  often  been  delimited  as  occurring  below  the  massive  Ma- 
honing sandstone  and  above  the  massive  Homewood  sandstone.  As 
has  already  been  brought  out,  the  Mahoning  is  not  always  a massive 
sandstone,  particularly  in  its  lower  half,  and  in  many  places  what 
has  been  considered  the  Homewood  sandstone  would  now  ai>pear 
to  be  the  Clarion,  occurring  within  the  formation,  so  that  these 
distinctions  and  delimiting  factors  are  not  sharp,  and  in  themselves 
are  only  suggestive.  Thus  it  frequently  happens  that  the  erosion 
that  closely  followed  the  laying  doAvn  of  the  Upper  Freeport  coal, 
the  uppermost  coal  in  the  formation,  has  removed  that  coal  or  ren- 
dei’ed  it  thin  and  irregular,  and  in  same  cases  both  of  the  Free])ort 
coals  are  thin  or  lacking.  Under  these  conditions  the  presence  or 
absence  of  thick  coals  may  not  be  used  as  a factor  to  determine  the 
limits  of  the  formation. 

The  formation  has  a thickness  of  about  300  feet.  It  is  believed 
to  become  thinner  to  the  south  in  West  Virginia,  and  it  shows  a 
lai’ge  increase  in  the  number  of  coals  contained,  if  not  in  general 
thickness,  toward  the  northeast,  though  apimrently  this  gain  does 
not  hold  as  far  east  as  Blossburg  Basin,  in  Tioga  county,  where  the 
formation  is  reported  as  only  150  to  100  feet  thick. 

In  studying  the  stratigraphy  of  the  Allegheny  formation  it  may 
be  well  as  far  as  possible  to  first  examine  the  sections  at  the  type 
localities,  beginning  at  Freeport. 

SECTION  AT  FREEPORT.  I.  C.  W.,  U.  S.  GEOL.  SURVEY  BULL.  65,  p 111. 

Feet.  Inches. 


1.  Coal:  Upper  Freeport 3 91/2 

2.  Clay 1 6 

3.  Limestone,  Upper  Freeport,  3 6 

4.  Shale,  sandy 20 
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5.  Coal;  “Middle  Freeport,”  Lower  Freeport 

6.  Shale,  sandy,  and  sandstone,  

7.  Coal,  “Lower  Freeport,” 

Feet.  Inches. 


Cannel  shale,  5 

Coal,  shaly 4 

Clay  with  limestone 2 6 

Coal,  shaly 2 6 


8.  Clay  and  shale,  

9.  Sandstone,  massive,  

10.  Coaly  shale;  “Upper  Kittanning,” 

11.  Sandstone,  gray,  massive,  

12.  Coal;  “Middle  Kittanning,”  

13.  Clay  with  limestone  nodules 


Feet.  Inches. 
2 
39 


14 
2 

45 

0-4 

15 

1 6 
6 


The  2 feet  of  coal  25  feet  below  the  Upper  Freeport  has  usually 
been  called  the  Middle  Freeport,  aud  the  coal  6G  feet  below  the 
Upper  Freeport  called  the  Lower  Freeport.  It  is  of  no  small  inter- 
est that  nowhere  else  has  the  Middle  Freeport  been  definitely  recog- 
nized. Examined  more  closely  it  will  be  noted  that  below  the  Upper 
Freeport  coal  is  a limestone,  and  between  the  limestone  and  the 
so-called  Middle  Freeport  coal  was  laid  down  20  feet  of  sandy  shale. 
Going  up  the  Allegheny  river  a few  miles  a good  section  of  the  rocks 
can  be  seen  opposite  Logansimi-t.  I.  C.  White  has  measured  a sec- 
tion as  follows : 


SECTION  OPPOSITE  LOGANSPORT,  ARMSTRONG  CO.,  PA.,  I.  C.  W.,  U. 

S.  GEOL.  SURVEY  BULL.  65,  p.  110. 

Feet.  Inches. 


1.  Coal;  Upper  Freeport,  3 

2.  Clay 4 

3.  Limestone  in  layers  with  shale  partings 14 

4.  Shale  and  clay 10 

5.  Coal;  Lower  Freeport: 


Feet.  Inches. 


Coal,  2 

Clay 2 4 

Coal 4 8 


6.  Hidden 

7.  Sandstone,  very  massive,  gray  to  white,  pebbly 

8.  Coal;  Upper  Kittanning,  

9.  Shale,  dark-gray 

10.  Coal;  Middle  Kittanning: 

Feet.  Inches. 


Coal 8 

Shale,  2 

Coal 6 


9 

11 

70 

20 


1 


S 


4 


U.F. 


Fig.  17.  Selected  sections  to  illustrate  the  stratigraphy  of  the  Allegheny  formation  in 
Western  Pennsylvania. 


1.  Generalized  section,  Newcastle  quadrangle.  2.  Generalized  section,  Beaver  quadrangle.  3.  Section 
on  Cucumber  creek,  Uniontown  quadrangle.  4.  Generalized  section,  Kittanning-Rural  Valley  quadrangles. 
5.  Selected  section,  Indiana  quadrangle.  6.  Selected  section,  Johnstown  quadrangle.  7.  Generalized  sec- 
tion, Ebensburg  quadrangle.  8.  Selected  section,  Barnesboro  quadrangle.  9.  Selected  section.  Patton 
quadrangle.  10.  Generalized  section.  Punxsutawmey  quadrangle.  11.  Selected  section,  Curw'ensville  quad- 
rangle. 12.  Generalized  section,  Houtzdale  quadrangle. 

U.  F.,  Upper  Freeiwrt;  L.  P.,  Lower  Freeport;  U.  K.,  Upper  Kittanning;  M.  K.,  Middle  Kittanning; 
L.  K.,  Lower  Kittanning;  V.  P.,  Vanport  Limestone;  Cl.,  Clarion;  Br.,  Brookville. 

Vertical  Scale:  1 inch  = 50  feet. 
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11.  Clay 

12.  Limestone 

13.  Clay  with  limestone  nodules  in  top 

14.  Sandstone,  shaly 

15.  Hidden;  probabiy  shale 

16.  Shale;  blue 

17.  Coal;  Lower  Kittanning' 

18.  Hidden  to  river,  

19.  Estimated  to  bottom  of  Allegheny  formation, 


Feet.  Inches. 
1 


1 

8 

7 

15 

20 

3 

20 

80 


6 


298 


6 


The  9-foot  coal  in  this  section  has  been  eonsidered  the  Lower  Free- 
port without  question,  yet  notice  that  only  10  feet  of  shale  and 
clay  was  laid  down  on  top  of  the  coal  before  the  limestone  was  laid 
down.  While  it  can  not  be  asserted  that  tlie  limestones  in  the  two 
places  were  laid  down  simultaneously,  considering  the  wide-spread 
occurrence  of  a limestone  just  below  the  Upper  Freeport  coal  all 
through  Pennsylvania,  it  will  generally  be  conceded  that  they  were 
laid  down  at  practically  the  same  time,  but  considering  that  20 
feet  of  shale  w'as  being  laid  down  at  Freeport  while  only  10  feet  "was 
being  laid  down  at  Logansport,  it  looks  as  though  the  first  coal 
from  the  top  at  Freeport  must  be  the  same  as  the  first  coal  from  the 
top  at  Logansport,  or  else  a loiver  coal.  The  first  ])remise  is  pre- 
ferable. Without  carrying  the  argument  further,  and  without  as- 
serting that  the  first  coal  belo^v  the  Upi)er  Freeport  through  the 
State  generally  is  the  same  as  the  first  coal  below  the  Upper  Free- 
port at  Freeport,  the  evidence  strongly  suggests  that  the  coal  at 
25  feet  below  the  Upper  Freeport  at  Freeport  and  not  the  one  at 
66  feet,  is  the  coal  that  corresi)onds  most  nearly  with  the  horizon 
of  the  so-called  Lower  Freeport  coal  over  the  State.  The  question 
then  arises,  which  should  be  changed,  the  name  of  the  second  coal 
at  the  type  locality,  or  the  name  of  the  second  coal  in  the  Allegheny 
throughout  the  State?  The  practical  solution  is  to  call  the  second 
coal  at  Freeport  the  Lower  Freeport.  What  then  is  the  third  coal  ? 
The  presence  of  the  cannelly  shale  suggests  the  Upper  Kittanning. 
Until  the  section  below  drainage  at  Freeport  is  known,  it  may  be 
difficult  to  answer  the  question  satisfactorily. 

Some  of  the  difficulties  of  proving  correlations  may  be  realized 
by  comparing  the  section  at  Logansport  with  one  two  miles  farther 
up  the  river,  and  one  mile  below  the  mouth  of  Crooked  creek.  This 
was  carefully  leveled  by  T.  C.  White,  and  gave  as  follows : 
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SECTION  5 MILES  BELOW  KITTANNING.  I.  C.  W.  U.  S.  GEOL.  SURVEY 

BULL.  65,  p.  109. 


1.  Coal;  Upper  Freeport;  blossom. 

2.  Clay,  

3.  Sandstone 

4.  Clay  and  shale,  

5.  Hidden,  

6.  Limestone,  

7.  Hidden 

8.  Shale,  bluish,  

9.  Coal;  Lower  Freeport: 

Feet.  Inches. 


Coal,  2 

Shale,  1 8 

Coal,  1 8 


10.  Clay  and  shale,  

11.  Sandstone,  massive,  pebbly 

12.  Coal;  Upper  Kittanning' 

13.  Shale,  drab 

14.  Coal,  shaly  in  middle;  Middle  Kittanning', 

15.  Limestone,  sandy,  

16.  Clay 

17.  Sandstone,  flaggy,  

18.  Clay 

19.  Sandstone,  flaggy 

20.  Shale,  dark 


Feet.  Inches. 


2 

2 

5 

5 

10 

35 


20 


6 

6 


3 

10 

45 


20 

1 

1 

3 

3 

5 

8 

10 


6 


6 

6 

6 


Total 191 

Here  the  so-called  Lower  Freeport  is  80  feet  below  the  Upper 
Freeport,  yet  if  the  strata  IS'os.  8 to  18  of  this  section  be  compared 
with  Nos.  4 to  15  of  the  Logansport  section,  it  will  be  seen  that 
almost  the  only  difference  is  in  the  thickness  of  the  massive  con- 
glomerate, in  one  case  70  feet,  in  the  other  45.  That  those  parts  of 
the  two  sections  describe  the  same  rocks  will  hardly  be  questioned. 
The  thinning  of  the  conglomerate  is  to  be  expected.  Conglomerates 
are  characteristically  local  and  irregular  in  thickness.  That  10  feet 
of  shale  at  Logansport  should  thicken  up  to  55  feet  in  2 miles  is 
not  so  commonly  expected,  notwithstanding  it  is  a matter  of  weekly 
if  not  daily  occurrence  in  studying  the  stratigraphy  of  the  Penn- 
sylvania coal  measures.  See  tig  9,  where  is  shown  a case  near  Cur- 
wensville,  in  which  10  feet  of  shale  near  the  New  York  Central 
de])ot  can  be  seen  thickening  up  to  30  feet  or  over  in  the  bare  face 
of  the  cut  in  the  space  of  a <]uarter  of  a mile.  Five  miles  farther  up 
the  river  is  Kittanning,  the  type  locality  for  the  middle  of  the  Alle- 
gheny section.  The  upper  part  of  the  following  section  is  by  I.  C. 
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White,  U.  S.  Geological  Survey  Bulletin  G5,  page  109.  This  includes 
down  to  the  Lower  Kittanning  coal.  The  section  below  the  Lower 
Kittanning  coal  is  mainly  from  the  quarry  of  the  Kittanning  Clay 
Manufacturing  Company,  taken  by  Charles  Butts,  U.  S.  Geological 
Survey  Bulletin  279,  page  1G3: 

SECTION  OF  ROCKS  AT  KITTANNING. 

Feet.  Inches. 


1.  Coal;  Upper  Freeport,  4 

2.  Shale  and  hidden 35 

3.  Coal;  Lower  Freeport 2 

4.  Hidden,  and  massive  sandstone 35 

5.  Shale  and  sandstone 40 

6.  Coal,  shaly  in  middle;  Middle  Kittanning 1 6 

7.  Clay 4 

8.  Sandy  shale,  6 

9.  Clay,  3 

10.  Sandstone,  flaggy,  17 

11.  Shale,  dark,  sandy,  with  iron  ore 40 

12.  Coal;  Lower  Kittanning,  3 3 

13.  Clay 12 

14.  Shale,  sandy,  10 

15.  Iron  ore,  1 

16.  Limestone,  Vanport 9 

17.  Shale,  dark,  sandy,  or  shaly  sandstone,  10 

18.  Shale,  20 

19.  Coal;  streak 

20.  Clay 8-10 


The  distance  from  the  Upper  Freeport  to  Ihe  Lower  Freeport  has 
decreased  again  to  35  feet,  which  is  not  far  from  the  normal  over 
the  State.  The  Upper  Kittanning  is  absent  or  is  not  seen  in  the 
section.  The  general  correspondence  of  the  Upper  Freeport,  Lower 
Freeport,  Middle  Kittanning  and  Lower  Kittanning  of  this  section 
and  in  the  Logansport  section  seems  very  close.  At  once  new  diffi- 
culty arises.  Not  only  is  the  so-called  Upper  Kittanning  of  ihe 
previous  sections  absent  at  Kittanning,  but  there  is  also  absent 
another  coal,  which,  under  the  name  Darlington,  has  long  passed 
in  the  western  counties  of  the  State  as  the  Middle  Kittanning,  but 
which  a large  number  of  sections  from  the  Allegheny  front  to  the 
Ohio  state  line  indicate  belongs  at  or  in  the  top  of  the  shale  above 
the  Lower  Kittanning  coal.  The  Lower  Kittanning  has  on  very 
good  evidence  been  considered  to  occur  at  practically  the  same  hori- 
zon all  through  Pennsylvania.  Over  it  there  occurs  with  great  per- 
sistence in  county  after  county,  a dark  blue  shale  with  iron  nodules, 
so  frequently  as  to  suggest  a bed  of  as  widespread  occurrence  as 
the  coal  which  it  overlies.  In  the  top  of  this  shale  is  frequently 
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found  a coal.  It  reaches  a workable  thickness  in  Blair  county  on 
the  east,  and  it  is  believed  from  the  sections  given  in  the  bulletin 
on  the  Beaver  quadrangle  and  those  preiiared  for  the  Newcastle 
quadrangle  that  generally  the  coal  designated  as  the  Darlington 
coal  at  Darlington  and  in  the  western  counties,  comes  at  this  hori- 
zon. This  coal  ranges  from  20  feet  to  40  feet  above  the  Lower  Kit- 
tanning, seldom  up  to  50  feet.  Further,  in  a great  many  places  over 
this  shale  is  found  a sandstone  which  lies  up>on  it  unconformably, 
and  in  many  places  can  be  seen  descending  sharjdy  through  the 
shale  almost  or  quite  to  the  Lower  Kittaiming  coal.  It  may  be  rash 
to  assert  that  this  sandstone  at  different  places  is  the  same,  and  I 
will  not  so  assert.  At  the  same  time,  the  evidence  is  suggestive. 
Again,  at  many  places  above  this  sandstone  is  a coal  that  would 
seem  to  corresiiond  with  the  Middle  Kittanniiig  of  the  Kittauning 
section.  This  coal  appears  to  be  locally  present  above  the  Darlington 
in  Beaver  county.  This  is  illustrated  by  a section  by  I.  C.  ^yhite 
on  Paved  Run,  a tributary  to  Blockhouse  Run,  which  enters  Beaver 
river  near  its  mouth; 

SECTION  ON  PAVED  RUN.  1.  C.  W.  SECOND  GEOLOGICAL  SURVEY  OP 
PENNSYLVANIA,  REPORT  Q,  p.  194. 

Feet.  Inches. 


1.  Sandstone,  massive,  30 

2.  Coal,  “Local”  (Middle  Kittanning  at  Kittanning),  5 

3.  Sandstone 15 

4.  Coal;  Darlington,  1 6 

5.  Shale  containing  iron  ore 25 

6.  Coal;  Lower  Kittanning 2 

7.  Clay 6 

8.  Sandstone,  shaly,  54 

9.  Limestone;  Vanport,  with  shale  partings,  8 6 

10.  Shale,  dark 15 

11.  Hidden  to  Beaver  River 65 


In  a case  of  this  kind  it  can  not  be  asserted  that  this  5-iiich  coal 
is  continuous  with  the  iMiddle  Kittauning  coal  at  Kittanning,  or 
even  that  it  occurs  at  exactly  the  same  horizon  and  was  laid  down 
at  the  same  time.  The  most  that  can  be  done  is  to  suggest  the  latter 
premise  as  a working  hypothesis,  to  be  proven  or  disproven  if  pos- 
sible. 

In  Beaver  county  the  distance  from  the  Upper  Freeport  to  the 
first  coal  below  is  somewhat  abnormal  as  com]iared  with  the  inter- 
val farther  east,  as  it  runs  commonly  from  GO  to  70  feet,  and  the 
distance  from  this  coal  to  the  Lower  Kittauning  is  correspondingly 
shortened,  averaging  usually  about  120  feet,  as  against  146  feet  at 
the  type  locality,  and  an  average  of  about  ItiO  feet  for  the  central 
counties  in  general, 
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By  coutiluling  up  llie  Allegheny  aud  Clai-iou  rivers  into  Clarion 
county  the  lower  part  of  the  section  may  be  obtained,  and  the  sec- 
tion typically  completed.  Unfortunately  there  does  not  appear  to 
be  any  definite  type  locality  for  the  Clarion  coal  grouj).  Probably 
no  part  of  the  Allegheny  formation  is  less  known  than  the  Clarion 
coal  group,  especially  below  the  Vanport  limestone.  Ordinarily  the 
section  between  the  Lower  Kittanning  coal  and  the  Vanport  lime- 
stone will  show  about  as  follows: 


AVERAGE  SECTION  FROM  LOWER  KITTANNING  COAL  TO  THE  VAN- 
PORT  LIMESTONE,  CLARION  COUNTY.  G.  H.  A. 


Coal;  Lower  Kittanning-,  

Clay,  

Shale,  dark,  with  iron  noduies 

Clay,  olive,  with  iron  nodules 

Iron  ore 3 inches- 

Limestone;  Vanport,  


Feet.  Inches. 
3 
8 

5 

10 

1 

6 


North  of  Sligo  two  new  elements  enter  ; a bed  of  hint  clay  and  a 
coal  bed.  In  general  when  the  flint  clay  is  present  Ihe  limestone  is 
absent,  and  it  was  at  first  thought  that  the  clay  might  be  in  some 
way  the  result  of  the  decay  of  the  limestone.  It,  however,  belongs 
distinctly  above  in  the  section.  Just  at  the  first  cros.s-roads  south 
of  Sligo  the  following  section  appears : 


SECTION  JUST  SOUTH  OF  SLIGO.  G.  H.  .A.. 


1.  Coal;  Lower  Kittanning 

2.  Clay 

3.  Coal 

4.  Flint  clay 

5.  Clay,  brown 

6.  Sandstone,  gnarly,  gannister, 

7.  Clay,  dark-brown  and  black, 

8.  Sandstone,  brown 

9.  Sandstone,  shaly,  

10.  Limestone,  Vanport,  


Feet.  Inches. 

3 

20  inches  to  2 

3 

4 

4 


5 


3 

2-1- 


North  of  Sligo  the  two  coals  are  seen  in  nearly  every  road  section, 
the  upper  bed  usually  maintaining  its  normal  thickness  for  the 
region  of  3 feet,  the  lower  bed  ranging  from  9 inches,  but  in  manv 
regions  thickening  up  to  as  many  as  27  or  33  inches.  The  space 
between  them  ranges  from  4 to  10  feet  in  most  sections,  made  up  of 
clay  where  small,  and  of  clay  and  shale  where  large.  Where  the 
lower  bench  becomes  2 feet  or  more  thick  in  some  cases  the  upper 
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bench  appears  to  have  thinned,  suggesting  that  this  lower  bench  is 
only  a split  of  the  coal.  North  of  the  Clarion  River,  north  of  Clarion, 
the  lower  bench  is  24  inches  thick,  and  over  20  feet  below  the  upper 
bench,  the  intervening  strata  being  cla3^  The  following  section  near 
Mechanicsville  shows  the  relation  of  the  two  benches  and  the  flint 
clay : 


SECTION  NEAR  MECHANICSVILLE.  CLARION  COUNTY.  G.  H.  A. 


1.  Shale,  brown,  

2.  Shale,  black 

3.  Coal;  Lower  Kittanning",  

4.  Clay,  drab,  

5.  Shale,  black,  with  trace  of  coal, 

6.  Clay,  

7.  Coal 

8.  Clay 

9.  Coal,  

10.  Clay 

11.  Flint  clay.  Top  of  bed,  


Feet.  Inches. 
2 
1 

3 2 

7 

6 

8 

7 

1 

11 

4 


Turning  to  the  xiart  of  the  section  below  the  limestone  the  follow- 
ing section  ivas  obtained  on  a branch  of  Piney  creek  east  of  Shan- 
bnrg : 


SECTION  EAST  OF  SHANBURG,  CLARION  COUNTY.  G.  H.  A. 

Feet.  Inches. 


1.  Coal;  Lower  Kittanning 3 

2.  Hidden,  10 

3.  Flint  clay;  crop,  about,  2 

4.  Interval 10 

5.  Sandstone;  gray,  slabby 25 

0.  Shale,  12 

7.  Coal,  2 3 

8.  Clay,  6 

9.  Coal 1 64- 

10.  Shale 10 

11.  Clay,  sandy,  10 

12.  Coal 4 

13.  Clay,  2 

14.  Hidden;  sandstone 4 

15.  Shale,  brown  and  drab 30 

16.  Coal;  Brookville;  bloom,  

17.  Sandstone,  Homewood,  204- 


Jnst  east  of  S^hanbnrg  the  Clarion  coal  is  reported  4 feet  thick, 
witli  a thick  bench  18  inches  below.  The  lower  bench  as  mining  ad- 
vanced got  farther  away  from  the  main  bench  and  was  abandoned. 
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On  the  slope  south  of  Shauburg  the  two  bem-hes  are  23  feet  apart, 
and  the  lower  bench  appears  to  be  at  least  2 to  3 feet  thick.  North- 
west of  Sligo  the  following  section  was  seen  in  the  road  and  adja- 
cent quarries : 

SECTION  ON  ANDERSON  CREEK,  NORTHWEST  OF  SLIGO.  G.  H.  A. 

Feet.  Inches. 


1.  Coal,  lower  bench  of  Lower  Kittanning-,  1 10 

2.  Clay,  light-drab,  -1 

3.  Flint  clay 0 

4.  Clay,  drab,  sandy,  12 

5.  Iron  ore - 1 

6.  Limestone,  Vanport,  dark-drab 6 

7.  Sandstone,  shaly 1 

S.  Shale,  drab,  sandy,  3 

9.  Sandstone,  ferruginous,  with  plant  remains 2 

10.  Shale,  dark-drab,  fissile,  with  iron  nodules,  15 

11.  Coal;  Upper  Clarion,  6 

12.  Hidden 14 

13.  Flint  clay,  6 

14.  Clay,  soft  drab 3 

15.  Coal,  Lower  Clarion 1 

16.  Clay,  light-drab 2 

17.  Shale,  sandy 24 

18.  Coal;  bloom,  

19.  Sandstone  to  bridge;  Homewood,  19 


At  Clarion  the  following  partial  section  is  exposed  on  the  road 
to  Clarion  Junction: 

SECTION  NORTHEAST  OF  CLARION.  G.  H.  A. 

Feet.  Inches. 


1.  Coal,  Lower  Kittanning;  exposed  in  cut  at  Clarion  station,  3 

2.  Interval;  about 20 

3.  Flint  clay  in  streets 

4.  Interval 15 

5.  Sandstone,  irregularly  bedded;  medium  coarse-grained,  ...  25 

6.  Shale,  brown,  2 

7.  Coal;  Clarion;  outcrop  showing  about 2-3 

8.  Interval 10 

9.  Sandstone,  gannister 2 

10.  Shale,  hrown,  fissile,  20 

11.  Shale,  black,  trace  of  coal- 

12.  Clay,  gray,  3 

13.  Sandstone 2 

14.  Shale,  reddish-brown 12 

15.  Shale,  olive 5 

16.  Cannel  shale  or  coal 2 

17.  Shale,  drab,  with  films  of  coal  and  outcrop  covered  with 

fragments  of  coal,  ! 15 

18.  Sandstone,  Homewood,  30 
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Southwest  of  Sliippeiiville,  near  Elkhoru  sclioolliouse,  is  one  of 
the  most  iuterestiug  sections  of  the  rocks  and  coals  of  the  Clarion 
coal  group. 

SECTION  SOUTHWEST  OF  SHIPPENVILLE.  G.  H.  A. 


Feet.  Inches. 

1.  Coal;  lower  bench  of  Lower  Kittanning;  bloom. 

2.  Interval 5 

3.  Flint  clay;  outcrop. 

4.  Interval,  30 

5.  Coal,  bloom,  9+ 

6.  Sandstone,  shaly 30 

7.  Coal,  1 8+ 

8.  Shale  and  sandstone,  40+ 

9.  Coal 3 

10.  Shale,  pink,  and  clay,  6 

11.  Shale,  purple 14 

12.  Coal,  4 

13.  Sandy  shale  at  top.  Sandstone,  brown,  at  bottom 6 

14.  Coal 5 

Ifi.  Clay,  5 

16.  Sandstone 6 

17.  Clay,  5 

18.  Coal 8 

19.  Clay  into  shale,  3 

20.  Sandstone,  thin-bedded,  cross-bedded 15 

21.  Coal,  top  bony,  1 6 

22.  Sandstone  or  shale 46 

23.  Sandstone,  brown,  medium-grained  to  coarse-grained,  ....  42 

24.  Shale,  black 6 

25.  Clay,  sandy,  1 

26.  Coal,  3 

27.  Clay,  drab,  and  shale,  6 

28.  Shale,  sandy,  drab,  6 


Tlie  ])resence  of  sandstones  near  llie  bottom  of  this  section  sug- 
gest tliat  the  two  lower  coals  may  belong  in  the  roltsville,  in  which 
case  Ihe  Homewood  sandstone  is  represented  by  a thiclaiess  of  only 
15  feet.  In  case  only  the  lower  coal  is  in  tlm  Pottsville,  the  coal 
No.  21  would  represent  the  Brookville,  and  the  other  coals  Nos.  5, 
7,  9,  12,  14  and  IS,  may  represent  a split-up  condition  of  the  Clarion 
or  they  may  represent  local  co<als  at  different  horizons. 

Other  sections  might  be  cited  to  indicate  either  that  the  Clarion 
coal  tends  to  split,  as  was  surtposed  by  Mr.  Cliance,  or  that  coals 
were  laid  down  at  a number  of  overlying  or  overlapjiing  horizons, 
or  that  both  theories  are  true.  Tu  the  Clarion  region  there  seem  to 
be  veiw  generally  at  least  two  Clarion  coals  and  often  moi’e. 
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Most  of  the  sections  of  Beaver  county  show  only  two  coals  be- 
tween the  Upper  Freeport  and  the  Lower  Kittanuing.  The  section 
on  the  east  bank  of  Beaver  river  opposite  Beaver  Falls  by  1.  C. 
AVhite  will  give  a good  general  idea  of  the  sections  in  that  region ; 


SECTION  OPPOSITE  BEAVER  FALLS.  I.  C.  W.,  SECOND  GEOLOGICAL 
SURVEY  OF  PENNSYLVANIA,  REPORT  Q,  p.  201. 


1.  Sandstone,  very  massive;  Mahoning 

2.  Shale,  

3.  Coal;  Upper  Freeport 

4.  Clay 

5.  Limestone;  Upper  Freeport,  

6.  Shale,  sandy 

7.  Sandstone,  massive;  Butler 

8.  Coal;  “Lower  Freeport,”  

9.  Clay  and  hidden,  

10.  Shale,  sandy,  and  sandstone  “Freeport,”  

11.  Coal;  Darlington 

12.  Shale,  sandy,  with  iron  ore 

13.  Coal;  Lower  Kittanning 

14.  Clay,  

15.  Sandstone  and  shale 

16.  Limestone;  Vanport 6 inches  to 

17.  Shale,  Dark,  calcareous,  fossiliferous 

18.  Sandstone  and  shale 

19.  Coal,  shaly;  Clarion,  

20.  Shale,  sandy,  

21.  Hidden  to  river,  


Feet  Inches. 
40 
1-2 


3-4 

2 

3 

35 


6 


30 

X 

3 

75 

1 

35 

2 

12 

70 

1 

5 

20 

1 

40 

30 


4 


5 


This  simple  type  of  section  is  preserved  in  the  Allegheny  forma- 
tion to  the  south,  as  well  as  to  the  west  of  the  tj'pe  localities  on 
Allegheny  river,  as  is  illustrated  by  a section  on  Cucumber  run, 
Stewart  township,  Fayette  county,  as  reported  by  M.  R.  Campbell ; 


SECTION  ON  CUCUMBER  RUN,  FAYETTE  COUNTY. 

FOLIO  82,  p.  8. 


Mahoning  sandstone. 
Shale— 0-10  feet. 

1.  Coal,  Upper  Freeport, 

2.  Clay 

3.  Limestone;  Freeport,  .. 

4.  Concealed 

5.  Shale,  green,  and  clay, 

6.  Shale,  sandy 

7.  Fire  clay;  Bolivar 

8.  Mudstones,  green,  

9.  Concealed 


M.  R.  CAMPBELL, 


Feet. 


3 

3 
5 

4 

5 
19 

6 
5 
8 
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10.  Coal;  (Lower  Freeport). 

11.  Fire  clay 

12.  Sandstone,  green 

13.  Shale,  sandy 

14.  Concealed  (sandy  shale), 

15.  Coal;  Kittanning  upper, 

16.  Fire  ciay 

17.  Sandstone,  coarse 

18.  Concealed  (sandy  shale), 

19.  Sandstone,  slialy 

20.  Coal,  

21.  Fire  clay 

22.  Shale,  sandy 

23.  Coal  (thin),  

24.  Concealed  (shale),  

2.5.  Brookville-Clarion  coal, 
26.  Shale  or  clay 

Pottsville  sandstone. 


Feet. 

2 

10 

10 

15 

4-7 

3 

18 

35 

15 

2 

3 

20 

60 

2% 

10 


Total, 


26714-270% 


In  iiai-tial  contrast  with  the  Beaver  Falls  section  may  be  given 
a detailed  hand-leveled  section  measured  by  JMr.  Phalen  and  the 
writer  just  south  of  Kornville,  at  Johnstown,  in  Cambria  county. 
This  section  was  washed  clean  in  the  bed  of  a wash  descending 
the  hill  at  an  angle  of  40  degrees  or  higher; 


SECTION  SOUTH  OF  KERNVILLE,  CAMBRIA  COUNTY.  G.  H.  A. 


Feet  Inches. 

Clay,  sandy,  light-drab  and  iight-brown 18 

Shale  at  top  with  nodules,  to  shaly  sandstone  at  bottom 12 

Sandstone,  gray,  massive;  Lower  Mahoning 30 

Shale,  dark,  1 

Coal 2 

Shale,  dark  drab,  black  at  bottom 2% 

Coal;  Upper  Freeport: 

Inches. 

Coal,  44 

Clay,  light-drab,  4 

Coal 3 

3 3 

Clay,  light-drab  and  dark-drab,  2 6 

Coal 3 

Clay,  soft,  light-brown 5 

Shale,  drab,  sandy,  to  shaly  sandstone,  22 

Sandstone;  hard,  brown 14 

Shale,  drab,  sandy 3 

Sandstone,  2 

Shale,  black  carbonaceous,  4 
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Feet  Inches. 

Coal;  Lower  Freeport; 

Feet.  Inches. 


Coal,  1 2 

Shale,  1-2 

Coal 2 

Shale,  1/2 

Coal 4 

3 8 

Limestone,  impure,  2 6 

Clay,  drab 9 

Limestone 9 

Clay  to  shale,  drab,  sandy,  with  many  iron  nodules,  6 

Clay,  liglit-brown,  2 

Clay  or  shale,  drab,  sandy 9 

Sandstone,  gray,  shaly 5 

Shale,  drab,  sandy,  7 

Coal;  Upper  Kittanning,  3 9 

Clay  to  shale,  sandy,  1 3 

Limestone;  Johnstown  cement  bed,  shaly 5 

Clay,  drab,  sandy,  with  much  iron 2 

Sandstone,  shaly,  gray  to  light-drab,  8 

Shale,  hackly  fracture,  iron  lenses,  sandy,  27 

Coal;  Middle  Kittanning,  11 

Clay,  light-drab,  2 

Clay,  light-drab,  sandy 4 

Shale,  dark-drab,  sandy,  14 

Shale,  drab 6 


Here  the  Upper  Freeport,  TiOiver  Freeport  and  Upper  Kittaniiing 
are  beautifully  displayed,  all  three  coals  coining  within  a space  of 
84  feet.  Limestones  under  the  Lower  Freeport  and  Upper  Kittan- 
ning coals  are  well  displayed.  The  limestone  under  the  Upper  Kittan- 
ning coal  has  long  been  known  as  the  Johnstown  cement  bed.  The 
Lower  Kittanning  coal  is  estimated  at  from  30  to  50  feet  below  the 
bottom  of  this  section.  The  11  inches  of  coal  may  correspond  to 
the  Middle  Kittanning  of  the  type  locality.  This  section  of  the 
Allegheny  may  be  conijileted  by  another  one  measured  at  Scalp  Level 
in  northern  Somerset  county.  The  top  of  this  section  would  ajipear 
to  about  join  onto  the  bottom  of  the  preceding  section: 


SECTION  AT  SCAIxP  LOCK,  NORTHERN  SOMERSET  COUNTY.  G.  H.  A. 

Feet  Inches. 

Sandstone,  gray,  shaly,  8-|- 

Coal;  Darlington 10  inches  to  1 

Clay,  drab 5 

Shale,  dark-drab,  fissile,  with  plates  of  sandstone 20 

Coal,  6 

Sandstone,  dark-drab;  shale  at  top,  2 

Coal;  Lower  Kittanning;  only  top  showing  at  railroad  level,  ..  1-f- 
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Hidden,  

Sandstone,  stained  red,  

Shale,  black,  fissile 

Clay;  llght-drab,  sandy,  

Sandstone,  greenish-gray,  shaly;  shale  locally,  stained  red. 

Hidden 

Sandstone,  shaly 

Shale,  drab,  sandy,  

Coal;  Brookville; 

Inches. 


Coal,  10 

Shale,  4 

Bone,  6 

Coal,  6-1- 


Hidden 

Sandstone,  Pottsville, 


Feet  Inches. 
16 
1 
2 

4 
20 

5 
4 

17 


2 2+ 
10 
6-t- 


Tiirniug  to  tlie  iiortliwiird  and  tracing  the  general  sections  across 
Clarion  and  Jefferson  counties  to  Clearffeld  county,  there  is  noted 
a marked  tendency  toivai'd  an  apparent  increase  in  the  number  of 
coals,  especially  in  the  Kittanning  group.  A couple  of  sections  from 
Clearfield  county  will  express  these  conditions  there.  The  first  is 
in  the  main  exposed  beside  the  road  running  north  from  Graham 
station  ivest  of  Philipshurg.  It  is  supplemented  by  sections  from 
the  Guion  and  Eeakirt  mines  adjoining: 


SECTION  AT  GRAHAM  STATION,  CLEARFIELD  COUNTY.  G.  H.  A. 


Shale,  

Coal;  Lower  Freeport  (Moshannon,  “D,”) 

Feet.  Inches. 


Coal 3 6 

Clay 2 

Coal 1 3 


Clay 

Shale,  sandy,  and  shaly  sandstone,  

Shale,  black,  about,  

Shale,  light-drab,  

Coal;  Upper  Kittanning  “C:” 

Feet.  Inches. 

Coal,  1 3-f 

Shale,  drab I 

Coal 11 


Clay,  drab,  

Sandstone,  shaly,  and  shale,  light-drab,  sandy. 
Coal  (Gorman) 


Feet  Inches. 
4 


4 11 

2 

15 

1 

18 


2 9-r 

1-t 
24 

1 4+ 
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Shale,  sandy 

Sandstone,  shaly 

Shale,  drab,  

Goal;  Middle  Kittanning-  “C:” 

Feet.  Inches. 


Coal,  6-7 

Bone  and  shale 1-2 

Coal,  3 7 


Hidden;  shale,  

Coal  in  air  shaft  (Darlington),  ... 

Shale,  drab 

Coal;  Lower  Kittanning,  “B,”  ... 

Clay 

Sandstone 

Shale 

Sandstone,  

Coal;  Clarion  or  Brookville,  “A,” 


Coal 

Clay 

Inches. 

C-0 

30 

Coal,  

Bone 

1-2 

Coal 

26-28 

Clay,  

2-3 

Coal 

3-4 

Feet  Inches. 
5 
8 

20 


4 

24 

1 

16 

2 

5 
2 

10 


4 

6 

10 


7 4 


A second  .section  has  liec-ii  made  hr  comliining  air  shaft  sections 
at  Houtzdale  ivitli  the  section  of  a shaft  to  the  “B”  coal  and  drillings 
below  the  “B”  coal : 

SECTION  OF  ALLEGHENY  FORMATION  AT  HOUTZDALE. 


Feet  Inches. 

Coal;  Upper  Freeport  “cap  seam,”  ' 3 

Shale 20 

Sandstone  and  shale 5 

Shale 2 

Sandstone 1 

Shale 9 

Sandstone 6 

Shale 4 

Coal 10 

Shale,  black,  2 6 

Sandstone 6 

Shale,  black,  1 

Coal;  Ijower  Freeport  (Moshannon  “D,”)  5 

Clay 1+ 

Interval  to  top  shaft 13  8 

Surface  material 14  5 
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Sandstone 

Shale 

Coal 

Shale,  

Coal  and  shale 

Shale,  

Sandstone 

Shale,  

Coal,  

Clay,  

Shale 

Coal,  

Clay,  

Shale,  

Coal,  

Shale,  

Coal;  Lower  Kittanning  "B: 

Coal,  

Shale,  

Coal,  

Bottom  of  shaft. 

Shale,  

Sandstone,  

Clay,  

Sandstone  conglomerate,  ... 

Coal 

Clay,  

Sandstone,  

Shale 

Coal;  “3-foot;” 

Coal,  

Shale 

Coal,  

Shale,  

Shale 

Clay  shale 

Sandstone 

Shale 

Shale  and  clay,  

Shale  with  coaly  streaks,  .. 

Sandy  shale 

Coal  and  shale  partings 

Sandy  shale 

Sandstone,  Pottsville 


Feet.  Inches. 
2 

8 

1 5 


Feet.  Inches. 


2% 

2 11/2 


Feet  Inches. 


1 

32  2 

1 2 

4 6 

1 3 

16  5 

38 

1 2 

3 

1 5 

14  5 

5 


5 

14 

8 

18  5 


4 1 


1 

4 

2 

4 

4 

14 

18 


6 

4 


3 

3 

6 


3 

1 

10 

12 

7 

2 

2 


6 

1 

3-t- 


9 

8 

8 


5 

11 


Othei’  sectioihs  add  still  additional  coals  to  the  nnmher  in  the 
Kittanning  group.  A drilling  from  those  made  in  the  Ciirwensville 
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quadrangle  may  be  given  to  show  the  same  tendency  to  an  increase 
in  the  number  of  Allegheny  coals  in  that  district ; 

DIAMOND  CORE  DRILLING  IN  WESTERN  CLEARFIELD  COUNTY. 

Feet.  Inches. 

Coal;  Upper  Freeport,  “E,”  2 4 

Clay  shale ^ ^ 

Sandstone,  ^ ^ 

Clay  shale,  ^ ® 

Sandstone 5 7 

Clay  shale,  26  5 

Coal;  Lower  Freeport  “D”  (Moshaiinon) 2 10 

Clay,  1 ^ 

Shale  and  clay,  8 

Sandstone,  1°  1% 

Clay  shale 

Sandstone,  1 

Clay  shale,  1 

Bony 6 

Coal 1 

Clay  shale,  20  2V2 

Bony,  ; . 1 

Coal 4 

Sandy  shale,  15  9 

Coal 

Sandstone,  2 GYz 

Clay  shale • 2 % 

Sandy  shale 24  GV2 

Clay 2 % 

Sandy  shale,  10 

Sandy  shale 7 2% 

Coal,  bone  and  sulphur 8% 

Clay  shale 2 

Coal  and  bone,  1% 

Clay  shale 6 8% 

Sandy  shale 20  3 

Sandstone,  7 6 

Sandy  shale,  16  5 

Bony  and  shale 8% 

Coal,  bone,  and  coal 1 7 

Clay  shale 8 6 

Sandy  shale 4 IIV2 

Bony 844 

Sandy  shale 10  10 

Coal 11/2 

Clay  shale 13  31/2 

Sandstone 4 

Sandy  shale 8 6% 

Coal  and  bony,  2 

Coal,  1 2 

Sandy  shale,  24 

Coal 1 11/2 
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Sandy  shale, 

Bony 

Coal 


Feet. 

2 


Inches. 

31/2 

214 

2 


The  general  stratigrajhiy  of  1lie  Allegheny  formation  has  been 
gone  into  in  more  detail  than  the  iireceding  formations,  partly  be- 
cause it  occupies  a much  broader  field  and  in  that  held  shows 
greater  variation,  and  partly  because  develojmient  has  not  been  as 
close,  and  therefore  it  has  not  been  so  well  known  as  the  Upper 
Ih'oductive  Measures,  and  more  attention  has  been  necessarily  given 
to  the  study  of  this  formation  in  the  field  than  was  needed  in  the 
Pittsburg  field.  In  the  third  place,  the  irregularity  of  these  measures 
has  necessitated  a large  amount  of  core  drilling  for  prospecting 
purposes  that  has  thrown  a Hood  of  light  on  the  stratigraphy  of 
this  part  of  the  section. 


CHARACTERISTIC  MEMBERS. 

Upper  Freeport  Coal.  The  U])]>er  Freeport  coal  is  one  of  the  most 
persistent  and  valuable  coals  of  the  Allegheny  formation.  In  some 
areas  it  appears  to  be  entirely  absent,  while  in  others  it  is  injured 
or  partly  removed  by  contemporaneous  erosion.  It  is  the  “Lemon 
bed”  of  eastern  Cambria  county,  and  probably  the  Flelly  coal  of  the 
Proadtop  field.  It  is  usually  broken  up  with  partings,  sometimes 
so  as  to  be  unworkable.  At  other  places  it  becomes  slialy.  It  appears 
to  have  originally  been  laid  down  over  all  or  nearly  all  of  the  area 
within  its  outside  limits,  bu.t  the  uplift  and  erosion  which  followed 
soon  after  its  deposition  removed  or  ruined  large  areas  of  it. 

Upper  Freeport  Limestone.  This  limestone  is  very  commonly  found 
underlying  the  Upper  Freejiort  < oal  at  a distance  of  from  0 to  40 
feet.  It  is  usually  from  1 to  0 or  S feet  thick,  though  running  up  to 
30  feet  as  a maximum.  It  is  usually  ferruginous,  often  brecciated  in 
appearance,  and  usually  of  a light-gray  color  weathering  huffish. 

Bolivar  Fire  Clay.  Associated  with  the  Upper  Freeport  lime- 
stone and  lying  a short  distance  below,  is  often  found  a high  grade 
fire  clay.  It  has  long  been  mined  at  Bolivar,  Westmoreland  county, 
and  it  is  noted  in  nearly  or  quite  all  of  the  counties  in  which  the 
Upper  Freeport  coal  outcrops.  Fragments  of  the  clay  are  frequently 
found  in  the  roads  below  the  outcrop  of  the  U])])er  Freeport  coal. 
It  has  been  little  prospected,  though  worked  at  a number  of  points. 
It  is  i*eported  from  points  in  Ohio  and  West  Virginia,  where  it  is 
occasionally  valuable. 

Upper  Freeport  Sandstone  (Butler  Sandstone).  Twenty-five  to  60 
feet  of  space  between  the  Upper  and  Lower  Freeport  coals  is  often 
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filled  with  shale,  though  some  sandstone  is  found  there,  and  often 
a massive  bed  of  sandstone  appears  between  the  two  coals.  This 
bed  of  sandstone  has  been  called  the  Upper  Freeport,  or  Butler  sand- 
stone. 

Lower  Freeport  Coal.  Present  information  suggests  that  instead 
of  coal  at  a single  horizon,  there  may  be  several  closely  overlying  or 
overlapping  coal  horizons  in  the  space  from  30  to  0.5  feet  below^the 
Upper  Freeport  coal.  This  coal  has  always  been  recognized  as  a 
variable  one,  sometimes  reaching  a thickness  locally  of  15  or  10  feet, 
though  nearby  being  entirely  absent.  In  other  regions,  as  in  the 
5Ioshaunon  Basin  in  Clearfield  country,  this  bed  is  known  to  split. 
In  Cambria  county  it  is  known  to  be  represented  by  coals  at  nearly 
the  same,  but  slightly  overlapping  horizons.  In  Jefferson  county  the 
laying  down  of  its  roof  shales  was  followed  by  an  erosion  period 
that  removed  large  areas  of  the  coal,  and  made  careful  prospecting 
necessary  before  development,  so  that  on  the  whole,  while  this  bed 
has  yielded  some  of  the  finest  bodies  of  coal  yet  found  in  the  areas 
underlain  by  the  Allegheny  formation,  as  the  Moshannon,  the  Punx- 
sutawney,  Reynoldsville  Basin,  and  around  Barnesboro,  plans  to  work 
this  coal  should  be  jireceded  by  careful  prospecting. 

Lower  Freeport  Limestone.  This  limestone  resembles  that  under 
the  Upper  Freeport  coal,  excejit  that  it  does  not  appear  to  be  quite 
so  persistent  or  so  thick.  Both  were  apparently  laid  down  in  fresli 
water. 

Loioer  Freeport  Sandstone  (Freeport  Sandstone) . While  resem- 
bling the  Pepper  Freeport  sandstone  in  many  ways,  this  sandstone 
is  apt  to  be  more  persistent,  thicker,  and  often  coarser  grained. 
In  places  it  becomes  a true  conglomerate.  Frequently  this  sand- 
stone appears  to  unite  with  the  sandstone  below  the  I'’^])per  Kit- 
tanning coal  so  as  to  form  a sandstone  mass  75  to  SO  feet  thick. 

Upper  Kittanning  Coal  (Cement  Coal).  In  general  this  is  a coal 
bed  of  very  minor  importance.  It  possibly  gains  in  im])ortance  in 
the  south  part  of  the  State.  It  is  a workable  bed  0 feet  thick  south 
of  Johnstown,  and  is  the  thicke.st  bed  in  the  Allegheny  formation 
along  Chestnut  Ridge  in  Fayette  county.  At  the  north  it  is  fre- 
quently characterized  by  the  presence  of  cannel  coal,  Avhich  locally 
Avill  increase  its  thickness  to  from  12  to  20  feet.  Nearly  or  quite 
all  of  the  cannel  coal  of  the  State  appears  to  be  at  this  horizon.  It 
has  been  so  found  in  Clearfield,  Indiana,  Armstrong,  Clarion  and 
Beaver  counties.  In  some  of  the  counties  the  cannel  coal  at  this 
horizon,  while  having  all  of  the  appearance  of  cannel  in  grain, 
cleavage,  luster,  et  cetera,  shows  on  analysis  a composition  similar 
to  ordinary  bituminous  coal.  At  Cannelton,  Beaver  county,  it  is  a 
true  cannel  coal,  and  has  long  been  mined  and  used  for  the  manu- 
facture of  oil. 
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Johustoion  Cement  Limestone.  At  Jolmstoivn  the  Uiiper  Kittan- 
niug  coal  is  underlain  by  a limestone  that  like  the  Upper  and  Lower 
Freeport  limestone  is  suitable  for  the  manufacture  of  natural  ce- 
meut.  This  limestone  is  less  frequently  found  than  the  two  preced- 
ing limestones,  and  appears  to  have  been  laid  down  over  a much 
smaller  area. 

Middle  Kittanning  Coals.  The  plural  is  here  used  to  express  the 
group  of  coals  occurriug  between  the  Upper  and  Lower  Kittanniug 
coals.  Whether  these  occur  at  persistent  and  definite  horizons  can 
not  yet  be  stated.  In  Clearfield  county  there  appear  to  be  at  least 
three  or  more  of  these  coals,  and  it  has  been  suggested  that  the 
I'ariable  vertical  position  of  coals  in  this  space  maj^  be  due  to  the 
occurrence  of  non-persistent  coals  at  several  distinct  and  persistent 
horizons.  As  a rule,  in  Pennsylvania  coals  in  this  iiart  of  the  group 
are  of  little  commercial  value,  but  they  occasionally  become  so,  and 
in  Ohio  the  famous  “Great  Vein”  of  Hocking  Valley  and  elsewhere, 
has  been  corelated  with  the  Middle  Kittanning  of  Pennsjdvania. 
Elsewhere  it  is  suggested  that  the  names  Gorman,  Middle  Kittan- 
ning and  Darlington,  as  each  is  applied  at  its  type  locality,  may 
truly  name  three  horizons  at  which  non-persistent  coals  are  often 
found. 

Lotver  Kittanning  Coal.  This  bed  of  coal  is  believed  to  be  probably 
the  most  persistent  stratum  of  the  Lower  Coal  Measures,  and  though 
not  so  readily  recognizable  as  the  three  great  key  rocks,  it  actually 
probably  underlies  an  area  as  large  as  that  underlain  by  all  three 
key  rocks  put  together,  and  this  notwithstanding  that  it  is  an  ex- 
tremely irregular  bed  in  some  parts  of  the  State,  apparently  being 
made  up  in  those  places  of  several  benches  that  come  and  go,  or 
separate  and  unite.  In  places  it  is  known  to  have  split.  In  other 
places  it  is  thought  to  have  done  so,  yet  notwithstanding  there  is 
almost  persistently  found  a coal  bed  in  this  position,  underlain 
usually  by  a clay  bed  of  unusual  thickness  and  value,  often  by  a 
fire  clay  bed  Avhich  locally  is  of  value,  and  over  a large  area  by 
the  characteristic  and  widespread  Vanport  limestone.  Though  varia- 
ble in  some  areas,  there  are  other  large  areas,  as  in  Johnstown  and 
Ebensburg  quadrangles,  where  the  bed  as  a whole  is  very  persistent, 
even  though  some  of  the  associated  benches  run  in  and  out.  In 
Clarion  county  again  it  is  very  persistent,  varying  only  between 
narrow  limits,  and  the  same  is  true  in  Beaver  and  Lawrence  coun- 
ties and  probably  in  the  intermediate  counties. 

Considering  it  broadly  this  bed  very  seldom  has  a thickness  of 
less  tlian  20  inches,  and  very  seldom  has  more  than  4 or  5 feet  of 
coal,  though  with  the  partings  it  often  runs  up  to  6 feet  or  over  in 
thickness.  The  writer  has  traced  it  miles  at  a stretch  where  it  would 
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hardly  vary  3 inches  either  Avay  from  an  average.  It  varies  in 
purity,  in  southern  Cambria  county  being  very  pure,  -while  in  eastern 
Clearfield  it  is  usually  sulphury  and  high  in  ash. 

iV  broad  study  of  the  sections  of  this  coal  suggest  that  most  of 
the  seeming  irregularity  is  not  due  to  changes  in  the  main  bench, 
but  to  the  presence  or  absence  of  one  or  more  benches  below  the 
niain  bench.  This  is  fairly  well  brought  out  in  fig  9,  and  a com- 
parison of  that  with  the  sections  of  this  coal  rejioxded  by  ]\Ir.  Phaleu 
in  the  Johnstown  quadrangle  (U.  S.  Geol.  Survey  Bull.  316,  p.  32 
and  following)  strengthens  that  view  for  there  8 inches  Avill  cover 
the  variation  of  the  main  bench  in  any  of  the  districts,  while  below 
this  main  bench  are  one  or  two  benches  that  vary  with  every  meas- 
urement from  0 to  36  inches,  and  the  same  is  true  elsewhere. 

Loiver  Kittanning  Clay.  Just  under  the  Lower  Kittanning  coal 
is  what  is  possibly  the  most  important  clay  horizon  in  Pennsylvania. 
The  clay  is  usually  of  the  soft  variety,  often  10  to  12  feet  thick,  and 
has  been  extensively  utilized  in  Beaver  county  and  in  probably 
every  other  county  in  Pennsylvania,  where  it  outcrops,  as  well  as 
down  the  Ohio  river  in  Ohio,  and  even  down  into  northeastern  Ken- 
tucky. In  many  districts  there  tends  to  be  associated  with  this 
clay  6 feet  or  less  of  flint  clay.  This  is  most  widely  distributed  in 
Clarion  county,  where  it  outcrops  in  the  streets  of  the  town  of 
Clarion.  Flint  clay  at  this  horizon  has  been  found  at  least  in 
Clarion,  Jefferson,  Indiana,  Clearfield  and  other  counties,  and  as 
far  south  as  northwestern  Kentucky,  where  a thin  bed  only  a few 
inches  thick,  of  black  flint  clay,  persistently  occurs  with  the  soft 
clay.  Flint  clay  at  this  bed  has  been  extensively  mined  near  Clear- 
field, and  to  a less  extent  in  Clarion  county  and  elsewhere. 

Vanport  Limestone  and  Iron  Ore.  While  not  as  widespread  or 
persistent  as  the  Lower  Kittanning  coal  and  its  a.ssociated  clay, 
this  limestone  has  much  more  value  as  a key  rock  where  it  is  found. 
It  differs  from  the  higher  limestones  of  the  Allegheny  formation  in 
Pennsylvania  by  the  presence  of  an  abundant  marine  fauna  with 
certain  typical  forms,  and  in  the  frequent  presence  of  a layer  of 
iron  ore  over  it.  A study  of  the  relation  of  the  iron  ore  and  lime- 
stone by  Mr.  Phalen  led  him  to  conclude  that  the  iron  deposit  re- 
sulted from  the  concentration  of  the  iron  from  the  highly  ferru- 
ginous upper  part  of  the  limestone,  due  to  the  partial  solution  of 
the  limestone  and  its  removal.  This  bed  is  from  a few  inches  to 
one  foot  thick,  though  occasionally  found  thicker  where  under  favor- 
able circumstances  the  whole  limestone  bed  has  been  dissolved  and 
removed,  leaving  the  iron.  The  iron  appears  to  be  confined  to  the 
surface  within  reach  of  surface  percolating  waters.  When  folloAved 
in,  the  ore  tends  to  become  more  calcareous,  finally  jiassing  into 
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ferrugiuoiis  limestone.  Iron  nodules  in  which  the  limestone  core 
still  exists,  and  much  similar  data,  testify  to  the  correctness  of 
this  view. 

The  limestone  is  often  thin  or  entirely  absent,  and  appears  to  be 
confined  to  the  district  ivest  of  Chestnut  Ridge  anticline.  When 
thin  or  impure,  it  often  shows  “cone  in  cone”  structure.  The  rela- 
tion of  this  bed  of  limestone  to  the  Putnam  hill  limestone  of  Ohio 
has  been  a subject  of  some  question  in  the  yiast.  A study  of  Andrews’ 
sections  in  southern  Ohio  has  led  the  writer  to  believe  that  future 
study  will  show  beyond  question  that  the  “Blue”  or  Putnam  hill 
limestone  of  Ohio  is  the  Upper  Mercer  limestone  of  Pennsylvania. 
Recent  work  by  David  White  in  northwestern  Kentucky  has  shown 
that  the  distance  from  the  Lower  Kittanning  coal  to  the  top  of  the 
Homewood  sandstone  has  decreased  in  southern  Ohio  until  it  is 
often  only  10  to  15  feet,  the  Lower  Kittanning  coal,  the  Vanport 
limestone,  and  the  Brookville  or  Clarion  coal  in  that  district  lying 
almost  in  contact.  Below  this  is  the  massive  Homewood  sandstone, 
and  below  that  a coal  and  limestone  with  plants  of  Mercer  age. 
By  plotting  up  Andrews’  sections,  it  is  readily  seen  that  the  same 
succession  holds  northward  to  Putnam  Hill,  and  that  the  so-called 
Clarion  sandstone  of  these  sections  is  of  Pottsville  age. 

Clarion  Coals.  The  subject  of  the  Clarion  coals  has  been  gone 
into  at  some  length  in  preceding  paragraphs,  and  need  only  be 
touched  on  here.  As  the  Clarion  and  Brookville  coals  have  been 
little  sought  by  the  drill,  our  knowledge  of  them  has  mainly  been 
derived  from  outcrops,  too  often  along  gentle  hill  slopes  involving 
dips  and  other  elements  that  tend  to  render  the  sections  taken  at 
these  points  uncertain  and  unsatisfactory.  While  often  only  one 
coal  is  found  between  the  Lower  Kittanning  and  Brookville  coals, 
there  is  evidence  for  thinking  that  this  single  coal  when  so  found 
ma_y  be  at  quite  different  horizons  in  different  regions,  whereas  in 
many  places  the  evidence  is  abundant  that  there  are  at  least  two  or 
three  coals  in  this  space.  While  sometimes  workable,  none  of  these 
coals  is  of  any  widespread  value. 

Brool'ville  Coal.  This  coal  is  the  lowest  member  of  the  Allegheny 
formation.  It  is  an  important  coal  around  Brookville,  and  in  eastern 
Clarion  county.  An  important  coal  at  about  this  position  is  found 
in  the  southern  part  of  the  State,  and  is  a very  important  coal  in 
West  Virginia.  Its  exact  correspondence  with  the  Brookville  coal 
has  not  been  established.  As  with  the  Clarion  coals,  the  Brookville 
has  been  little  sought  with  the  drill,  and  but  little  mined  in,  so  that 
its  stratigraphy  and  character  are  not  well  known.  In  general,  it 
does  not  appear  to  be  an  important  coal  in  Pennsylvania. 
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POTTSVILLE  FORMATION. 

General  Character.  In  the  area  covered  by  recent  co-operative 
work,  the  Pottsville  has  played  a small  part.  In  many  of  the 
quadrangles  it  is  not  exposed  at  all,  and  in  most  of  the  quadrangles 
the  exposure  is  very  limited,  often  to  where  one  of  the  stronger  anti- 
clines is  cut  by  the  larger  streams.  Further,  within  the  area  studied 
it  contains  little  or  no  workable  coals,  so  that  it  has  attracted  little 
attention.  The  formation  in  Pennsylvania,  however,  is  a valuable 
source  of  building  stone,  and  is  the  source  of  some  of  the  highest 
grade  fire  clay  in  the  State. 

In  most  of  the  area  of  the  map  accompanying  this  report  it  con- 
sists of  three  members : the  Homewood  sandstone  at  the  top,  the 
Mercer  coal  group,  and  the  Connoquenessing  sandstone.  To  the 
northeast  in  the  Newcastle  quadrangle  the  Connoquenessing  sand- 
stone is  double  the  two  benches  separated  by  the  Quakertown  coal, 
and  below  these  are  the  Sharon  coal  and  sandstone.  Apparently’ 
the  central  part  of  Pennsylvania  was  above  water  during  the  laying- 
down  of  coal  and  sandstone  at  the  northwest.  The  studies  of  David 
White  have  shown  further  that  the  Sharon,  as  well  as  the  later 
deposits,  represent  only  the  later  part  of  Pottsville  time,  as  repre- 
sented by  the  deposits  of  Pottsville  in  the  anthracite  field  or  in  the 
southern  Appalachian  coal  field.  In  West  Virginia  and  eastern 
Kentucky  the  Pottsville  has  a thickness  of  5,(i00  feet  or  more,  and 
the  strata  equivalent  to  the  Sharon,  Connoquennessing,  Mercer  and 
Homewood  of  Pennsylvania  are  on  the  Kanawha  ifiver  over  1,000 
feet  thick.  Within  the  area  here  studied  the  best  sections  are  to 
be  obtained  on  the  Beaver  river  in  the  New  Castle  quadrangle. 
These  are  well  represented  in  the  sections  on  Plate  VII,  obtained 
by  Mr.  DeWolf.  As  shown  by  those  sections,  the  formation  tliere 
consists  of  a massive  sandstone  at  the  top  20  to  6.5  feet  thick,  a 
groujj  of  two  or  sometimes  three  coals,  two  or  which  are  commonly 
overlain  by  limestone  and  are  known  as  the  Upper  and  Lower  INIercer 
coals,  an  irregular  though  often  massive  sandstone,  the  Upper  Con- 
noquennessing, one  or  two  thin  coals,  the  Quakertown,  a massive 
lower  Connoquennessing  sandstone,  the  Sharon  coal  and  shale,  and 
below  that  the  massive  Sharon  sandstone  not  shown  in  these  sec- 
tions. 

Homeicood  Sandstone.  This  sandstone  has  its  type  locality 
in  the  New  Castle  quadrangle  at  Homeyvood.  The  sandstone  there 
consists  of  65  feet  of  massHe  sandstone,  as  exposed  in  the  main 
upper  quarry.  This  is  underlain  by  from  15  feet  to  0 of  shale,  both 
on  the  yvest  side  of  the  gorge  in  the  old  quarry  and  on  the  east  side 
beloyv  the  church  on  the  road.  This  shale  contains  typical  IMercer 
plants.  At  the  big  upper  quarry  this  shale  is  partly  cut  out,  and 
13 
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the  Homewood  sandstone  appears  as  though  united  to  the  Upper 
Connoquennessing  sandstone  whicli  is  here  90  feet  thick  and  forms 
the  lower  quarry.  It  was  at  one  time  thought  that  all  of  this  sand- 
stone represented  the  Homewood  as  usually  developed  elsewhere, 
that  the  upper  part  projected  up  into  the  space  of  the  Allegheny  for- 
mation, and  that  the  lower  ])art  of  the  Allegheny  was  deposited 
against  or  around  this  projecting  knob.  The  work  of  Mr.  DeWolf 
and  David  White  has  shown  that  the  Allegheny  members  are  all 
in  place  above  the  top  of  the  sandstone,  and  that  more  than  the 
lower  half  is  of  Connoquemiessing  age.  Kecent  studies  have  de- 
prived the  Homewood  sandstone  of  no  small  part  of  its  formerly  sup- 
posed importance;  nevertheless  it  probably  remains  to-day  as  one 
of  the  most  prominent  and  persistent  sandstones  of  the  Pennsylvania 
series.  It  is  extensively  quarried  in  Beaver  and  Lawrence  counties 
on  the  west  and  in  Cleai-lield  and  other  counties  on  the  east. 

Mercer  Coal  Croup  (including  the  Mt.  Savage  clay).  This  group 
derives  its  main  value  from  the  presence  in  it  of  the  Mercer  or  Mt. 
Savage  tire  clay.  In  many  places  this  is  a flint  clay  of  the  highest 
grade.  The  distribution  of  this  clay  will  be  discussed  under  the 
head  of  clay.  This  grou])  contains  two  or  three  coals  in  Beaver 
river.  It  contains  two  coals  in  western  Clearfield  county,  but  over 
most  of  the  area  here  studied  it  contains  only  one  coal.  The  coals 
are  usually  thin  and  worthless,  though  occasionally  they  reach  a 
workable  thickness. 

Connoqnenncssimj  l^andstoiies  and  Qual'ertoicn  Coal.  Over  most 
of  the  area  these  sandstones  and  this  coal  are  practically  unknown 
factors  in  the  stratigraphy.  Where  exposed  on  hill  slopes  they 
are  usually  entirely  covered  by  the  debris  from  the  massive  overlying 
Homewood,  and  so  can  not  be  observed,  and  they  have  been  hardly 
at  all  ]»enetrated  by  drilling.  They  are  perha])S  better  exposed  on 
Beaver  river  and  along  Connoquennessing  creek  than  elsewhere  in 
the  region  studied.  As  shown  by  the  sections,  the  sandstones  do 
not  as  a rnle  fill  more  than  a part  of  the  space  from  the  Mercer 
to  the  Sharon,  and  in  some  cases  the  sandstone  is  a very  inconspicu- 
ous part  of  the  section. 

The  Quakertown  coal  often  occurs  in  an  interval  filled  with  shale 
50  to  GO  feet  thick.  This  often  contains  more  than  one  coal  bed,  the 
coals  usually  being  only  a few  inches  thick  and  worthless. 

Sharo)i  Coal  and  Sandstone.  Though  at  one  time  one  of  the  most 
valuable  coal  assets  of  Ohio  and  northwestern  Pennsylvania,  the 
Sharon  coal  is  now  nearly  worked  out.  It  barely  appears  at  the 
northern  edge  of  the  New  Castle  quadrangle.  Where  well  developed 
the  coal  is  found  to  have  been  depo.sited  in  irregular  lagoons  or 
channels  having  a thickness  in  the  center  of  several  feet  of  very 
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high  grade  household  coal,  but  thinning  rapidly  on  the  edges  of 
the  lagoons  or  channels.  Traced  through  Ohio  the  Sharon  sandstone 
is  nearly  everywhere  a ])roininent  sandstone  forming  the  base  of 
the  coal  measures.  Passing  into  Kentucky  it  is  thought  that  this 
sandstone  expands  and  becomes  one  of  the  great  sandstones  of  the 
Pottsville,  as  developed  on  the  Allegheny  front  and  Cumberland 
mountains  of  that  region. 
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PKE  I'ENNSYLVANIAN  STRATIGRAPHY. 


BY  CHAS.  BUTTS. 


General  Statement.  Uuder  this  head  are  described  the  geologic 
formations  beneath  the  nnconformity  between  the  Pennsylvanian 
rocks  above  and  the  Mississipidan  rocks  below,  the  rocks  above  the 
nnconformity  having  been  described  in  the  preceding  section  of  this 
report.  The  rocks  included  in  this  discussion  extend  down  to  the 
top  of  the  Trenton  limestone.  For  the  most  })art,  these  strata  are 
not  exposed  within  the  limits  of  the  bituminous  coal  basin  of  western 
Pennsylvania.  The  upper  formations  outcrop  along  the  northwest 
margin  through  Mercer,  ^"euango  and  Ymrren  counties,  and  still 
lower  formations  further  north  and  northwest  in  New  York  and 
Ohio.  All  the  formations  down  to  the  Trenton  outcrop  immediately 
east  of  the  Allegheny  Front  in  Bedford,  Blair,  Centre  and  Clinton 
counties.  As  shown  by  the  sections  (Plate  IX),  they  lie  deep  below 
the  surface  of  the  coal  field.  Deep  ivell  borings  have  yielded  a fair 
knowledge  of  these  rocks  down  to  a horizon  that  appears  to  lie  near 
the  bottom  of  the  Hamilton  formation.  The  character  and  thick- 
ness of  the  formations  beloAv  tlnit  horizon  can  only  be  assumed 
from  the  character  and  thickness  exhibited  at  their  outcrop.  Since 
this  discussion  begins  with  rocks  immediately  below  the  above-men- 
tioned unconformity,  a descri])lion  of  that  unconformity  will  first 
be  given. 

THE  MISSISSIPPIAN-PENNSYLVANIAN  UNCONFORMITY  IN  WESTERN 

PENNSYLVANIA. 

(General  Statement.  The  existence  of  an  unconformity  between 
the  ^lississippian  and  Pennsylvanian  rocks  in  Avestern  Pennsylvania 
has  been  clearly  established  by  the  work  of  the  U.  S.  Geological 
Survey  during  the  ]>ast  eight  years.  This  unconformity  was  recog- 
nized by  I.  C.  White,*  but  its  details  Avere  not  worked  out.  The 
existence  of  the  same  unconformity  in  the  Southern  Appalachians 
has  long  been  recognized  by  workers  in  that  field. 

In  Avestern  Pennsylvania  the  rocks  immediately  concerned  in  this 
discussion  are  roughly,  as  folloAvs; 


Feet. 


Pottsville: 

Connoquenessing  sandstone,  . 

Sharon  shale,  

Glean  (Sharon)  cong-lomerate. 


100 

50 

40 


•Bull.  65,  U.  S.  Geologrlcal  Survey. 
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Feet. 

Pocono-Waverly: 

Mauch  Chunk  formation,  50  to  2,000 

Burg-oon  (Logan,  “Big  Injun,”)  sandstone,  400 

Shale,  limestone  and  sandstone  (Cuyahoga),  500 

Berea  (Corry)  sandstone 50 

Catskill-Erie  shale  (in  part): 

Knapp  formation,  100 

Conewango  formation,  with  Salamanca  conglomerate  lentil  (Cat- 
taraugus and  Oswayo  formations  of  Glenn,  Rept.  New  York  State 
Paleontologist,  1902) 500 


Work  done  on  the  Latrobe  and  Kittanning  quadrangles  in  1901 
showed  that  the  Mauch  Chuuk  thins  westward  and  disappears  from 
the  section  in  Allegheny  Valley.  The  Clean  conglomerate  and  Sharon 
shale  are  also  absent,  and  the  Connoqueuessing  sandstone  rests 
upon  the  Burgeon  sandstone.  In  1904  Geo.  H.  Girty  completed 
studies  in  northeastern  Ohio  and  northwestern  Pennsylvania  which 
enabled  him  to  identify  the  Berea  sandstone  of  Ohio  with  the  Corry 
sandstone  of  Pennsylvania,  and  to  trace  the  latter  definitely  by 
its  very  characteristic  assemblage  of  fossils  to  the  Allegheny  river 
at  Warren,  where  it,  in  jilaces,  lies  close  below  the  Clean  conglom- 
erate, the  latter  bed  in  places  lying  on  beds  below  the  Berea  on 
account  of  the  erosional  unconformity  in  the  region.  This  determi- 
nation of  Mr.  Girty  explained  the  difficulty  experienced  by  the  writer 
in  1900,  in  referring  to  their  proper  stratigraphic  position  the 
beds  immediately  below  the  Clean  conglomerate  in  the  Clean  New 
York  region.* 

It  was  supposed  at  that  time,  from  the  stratigra])hic  relations 
of  these  beds,  that  they  were  the  equivalent  of  the  Waverly  rocks 
of  northeastern  Chio  since  both  lie  immediately  below  the  Clean 
conglomerate.  The  rocks  below  the  Clean  in  New  Y^ork  and  western 
Pennsylvania  which  were  named  the  Knapp,  Cswayo  and  Cattarau- 
gus beds  by  Glenn  (loc  cit.),  and  are  here  called  Knapp  and  Cone- 
wango formations,  carry  an  entirely  distinct  assemblage  of  fossils 
from  the  Waverly  rocks  of  Chio,  and  the  writer  was  unable  to 
correlate  them  with  any  previously  described  rocks.  Girty 's  work 
shows  that  they  ai’e  to  be  correlated  with  the  upper  part  of  the 
Erie  shale  of  Chio,  which  canw  some  of  the  highly  characteristic 
fossils  of  the  Conewango  rocks,  1 hough  that  fact  has  not,  to  the 
writer’s  knowledge,  been  published.  The  section  from  ihe  Allegheny 
Front,  in  Blair  county,  to  Allegheny  river  at  Kittanning,  had  thus 
been  worked  out,  and  that  from  northern  Chio  to  the  river  at  War- 
ren. It  only  remained  to  connect  the  two  sections  by  the  river 
section  between  those  two  places  to  have  a comjilete  line  of  section 


•Kept.  New  York  State  Paleontologist,  1902. 
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from  central  Pennsylvania  to  northern  Ohio.  In  the  fall  of  1907 
the  writer  made  a continnons  section  along  Allegheny  river  from 
the  New  York  Pennsylvania  boundary  to  Endenton,  where  the  rock 
section  is  substantially  identical  with  that  just  above  Mahoning  on 
the  Kittanniug  quadrangle. 

Description  of  AUcghcny  River  Section.  This  section  appears  as 
Plate  The  base  of  the  section  is  the  Pennsylvania  Railroad, 

which  lies  about  20  feet  above  the  river  the  whole  distance,  no  allow- 
ance being  made  for  the  decrease  in  altitude  between  the  State  line 
and  Enilenton,  which  is  about  340  feet.  Excepting  the  part  of  the 
section  between  Oleapolis  and  Oil  City,  all  outcrops  from  railroad 
level  up  to  about  100  feet  were  platted  to  scale  in  making  the  field 
notes,  and  every  few  miles  sections  were  made  on  the  bluffs  up  tq 
the  Pottsville  beds  that  generally  cap  them.  The  continuous  profile 
section  (Plate  YJII)  is  constructed  from  the  observations  just  de- 
scribed, and  is  believed  to  rejiresent  closely  what  would  be  seen  if 
the  valley  walls  were  vertical  and  the  strata  were  continuously 
exposed.  However,  in  connecting  detached  observations,  allowance 
must  always  be  made  for  errors  in  tlie  identification  of  beds  though 
certain  prominent  and  fairly  well  exposed  beds  served  to  connect 
up  the  sections  at  different  points,  so  that  there  is  little  doubt  as 
to  the  correctness  of  the  section  as  a whole.  Thus,  the  Salamanca 
conglomerate  can  be  traced  from  Corydon,  near  the  State  Line,  to 
the  point  where  it  passes  beloAv  the  railroad  level  2 miles  or  so 
below  Tidioute.  The  Berea  sandstone,  lying  300  feet  above  the 
Salamanca,  can  be  identified  by  its  characteristic  fossils  in  every 
section  down  to  the  bend  of  the  river  2 miles  south  of  Tionesta,  where 
it  in  turn  passes  below  the  railroad  grade.  About  100  feet  above  ihe 
Berea,  and  separated  from  it  mainly  by  blue  shale,  is  a rather  thin- 
bedded,  generally  fine-grained,  sandstone.  This  was  traced  with  a 
good  degree  of  certainty  from  2 miles  south  of  Ttdioute  to  a point 
about  1 mile  south  of  Hunter,  from  which  point  it  is  exposed  at 
many  i)laces  near  railroad  level  and  was  traced  continuously  to 
Oleapolis.  A similar,  and  probably  the  same,  sandstone  is  exposed 
at  Oil  City  at  railroad  level  and  dips  beloAv  the  railroad  about  14 
miles  south  of  Oil  City.  At  Henry’s  Bend  the  Shenango  sandstone 
is  exposed  as  a ledge  about  230  feet  above  the  railroad,  and  it  can  be 
traced  with  certainty  south  nearly  to  Wood  Hill. 

The  Shenango  Sandstone  is  regarded  as  the  basal  part  of  the  Bur- 
goon  (“Big  Injun’')  sandstone  of  Pennsylvania,  and  as  the  equivalent, 
in  part  at  least,  of  the  Black  Hand  formation  of  Ohio,  the  Burgeon 
as  a whole  being  regarded  as  the  equivalent  of  the  Black  Hand  and 
Logan  formations. 
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It  appears  from  the  section  that  from  Oil  City  to  Emleiitoii  the 
Burgoon  and  Connoqnenessing  lie  nearly  parallel  to  each  other  with- 
out any  discordance  of  bedding,  so  that  the  only  means  of  discrim- 
inating them,  especially  in  the  Kittanning  region,  where  they  are 
lithologically  very  similar,  is  their  fossils.  They  preserve  the  jiar- 
allel  relations  and  practically  the  same  thickness  as  far  north  as 
Hunter,  where  a monoclinal  tlexnre,  much  exaggerated  in  the  figure 
on  account  of  the  exaggerated  vertical  scale,  carries  the  beveled 
edges  of  the  Burgoon  beds  np  against  the  bottom  of  the  Conno(pie- 
nessiug  sandstone,  with  the  total  disappearance  of  the  Burgoon,  in- 
cluding the  Shenango  sandstone  from  the  section  farther  north. 
Apparently,  another  such  upward  bend  of  the  strata  below  the  un- 
conformity in  the  vicinity  of  Cobhain  and  Thompson  stations  led 
to  the  erosion  of  most  of  the  Cuyahoga  beds  before  the  deposition 
of  the  Clean  conglomerate,  which  is  the  basal  member  of  the  Potts- 
ville  north  of  Tidionte.  It  may  be  remarked,  in  passing,  that  no 
trace  of  the  Clean  was  seen  in  the  bluffs  south  of  a point  2 miles 
south  of  Tidioute.  At  Tionesta  the  Pottsville  was  not  seen  in  place, 
but  boulders  of  white,  siliceous  sandstone,  regarded  as  Comxpie- 
nessiug,  lie  on  the  top  of  the  bluff  west  of  the  town.  The  Clean  has 
been  represented,  therefore,  as  thinning  out  entirely  between  Tidioute 
and  Tionesta. 

Seciion  South  of  Kittanning.  The  many  deep  wells  from  the  Kit- 
tanning region  to  the  southwest  corner  of  the  State  show  that  the 
Connoqnenessing  and  Burgoon  sandstones  are  in  contact  to  the 
vicinity  of  Pittsburg,  where  the  blanch  Chunk  red  shale,  with  the 
Greenbrier  limestone,  a])]>ears  in  the  section  between  them.  This 
increases  in  thickness  to  about  200  feet  iu  the  southwest  corner  of 
the  State.  These  facts  are  shown  in  Plate  IX. 

General  Summarg.  The  facts  concerning  this  unconformity  in 
the  State  are  conveniently  summarized  and  graphically  expressed 
by  the  sections  in  figure  IS. 

In  section  Xo.  1,  in  the  anthracite  field,  the  jMauch  Chunk  is 
2,200  and  the  Pottsville  1,200  feet  thick,  with  apparently  no  uncon- 
formity, or  only  a slight  one,  between  them.  In  Xo.  2,  on  the  Alle- 
gheny Front,  all  but  the  top,  1.30  feet  of  the  Pottsville  and  ISO  feet 
of  the  INIauch  Chunk  are  absent.  In  Xo.  3,  at  Latrobe,  the  situation 
is  thi  same,  but  the  INIauch  Chunk  is  only  about  50  feet  thick.  In 
Xo.  4,  at  Kittanning,  all  the  INIauch  Chunk  is  wanting,  and  the  Cono- 
quenessing  sandstone  rests  upon  the  Burgoon  sandstone.  In  Xo. 
5,  at  Xew  Castle,  the  Burgoon  is  wanting,  and  the  Glean  conglom- 
erate rests  upon  the  Cuyahoga  shales.  In  Xo.  G,  in  the  southern  ]>art 
of  the  WaiTen  quadrangle,  nearly  the  same  condition  as  at  Xew 
Castle  prevails.  In  Xo.  7,  in  the  northern  part  of  the  Wari’en  quad- 
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rangle,  all  the  Cuyahoga  is  absent,  and  the  Glean  is  in  contact  with 
beds  below  the  Cuyahoga  formation.  In  No.  8,  in  northeastern  Ohio, 
the  Cuyahoga  is  present  and  250  feet  thick  beneath  the  Pottsville. 

Central  Ohio  Northwestern  Ohio  State  line  South  of  Warren  Newcastle*  Kittanninff  Latrobe  Allegheny  front  AnthradteCelo 


In  central  Ohio  the  full  Waverly  group  including  the  Logan  and 
Black  Hand  conglomerates,  which  are  the  equivalent  of  the  Burgoon 
sandstone  and  the  Cuyahoga  shale  are  present  below  the  Pottsville. 

The  history  of  events  leading  to  the  conditions  described  above 
is  somewhat  as  follows : 

Sedimentation  was  continuous  over  western  Pennsylvania  and 
eastern  Ohio,  with  the  deposition  over  that  region  of  the  Pocono- 
Waverly  beds,  probably  in  their  full  thickness  of  1,000  feet  or  more, 
and  it  may  be,  a considerable  thickness  of  Mauch  Chunk,  though  it  is 
hardly  probable  that  the  latter  formation  reached  the  thickness  of 
2,200  feet  as  in  the  anthracite  field.  At  the  close  of  Mauch  Chunk 
time  the  region  outlined  above  was  broadly  uplifted,  the  axis  of 
the  ujilift  a])pearing  to  be  somewhere  iu  the  neighborhood  of  a line 
extending  from  New  Castle  to  the  western  corner  of  New  York 
State.  The  uplift  was  also  greater  northward.  During  early  and 
middle  Pottsville  time,  while  the  most  of  the  Pottsville  formation 
with  its  included  coal  beds,  was  being  deposited  in  eastern  Penn- 
sylvania, the  uplifted  area  wms  a land  surface  subject  to  erosion. 
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with  the  result  that  the  Mississippiaii  beds,  once  probably  present, 
but  now  absent  from  western  rennsylvania,  were  removed.  After 
this  period  of  erosion  a gradual  subsidence  began  and  the  laud 
was  transgressed  by  the  waters  in  which  the  late  Pottsville  sedi 
ments  were  laid  down.  The  submergence  apparently  proceeded  from 
the  northwest.  Since  the  Olean  conglomerate,  the  lowest  member  of 
the  Pottsville  in  the  region  lies  to  the  north  and  west  of  a line 
roughly  drawn  from  tVellsboro,  in  Tioga  county,  through  Snieth- 
port,  in  Potter  county,  Sheffield  and  Tidioute,  in  Warren  county, 
to  Mercer  and  New  Castle,  in  Mercer  and  Lawrence  counties,  re- 
spectively, the  most  advanced  shore  line  of  the  Olean  waters  appar- 
ently lay  near  the  line  just  outlined.  After  the  deposition  of  the 
coarse  gravel  making  the  Olean  conglomerate,  the  land  mass  was 
entirely  submerged  and  the  Connoquenessing  sandstone  was  depos- 
ited over  the  whole  region,  thus  completing  the  cycle  of  uplift, 
erosion,  submergence,  and  the  resumption  of  deposition  over  the 
region  affected  by  the  unconformity. 

Correlation  of  Oil  Sands.  The  unconformity  above  described  has 
an  important  bearing  on  the  subject  of  the  identification  and  corre- 
lation of  the  oil  sands  of  western  Pennsylvania.  In  the  original 
Venango  county  oil  field  three  sands  were  encountered  and  named 
the  Venango  1st,  2d  and  3d  sands,  as  shown  in  the  section  of  the 
Hain’s  well,  Plate  IX.  As  operations  extended  to  other  parts  of 
Pennsylvania  these  names  were  also  apj)lied  to  the  sands  which  were 
believed  to  be  the  same  beds  as  at  Oil  City  and  Titusville.  Thus, 
at  Tidioute  Carll*  regarded  as  the  1st  ^"enango  sand,  and  Whitef 
as  the  2d  Venango  sand  what  proves  on  tracing  northward  to  be 
the  Salamanca  conglomerate.  The  last  identification  was  also  made 
by  those  authors.  According  to  the  writer's  section,  Plate  VIII, 
however,  the  Salamanca  is  the  same  as  the  Venango  3d,  and  the 
Berea  sandstone  the  same  as  the  Venango  1st  sand.  Carllj;  identi- 
fies the  Venango  1st  sand  with  the  Butler  2d  sand,  otherwise  gen- 
erally known  as  the  100-foot  sand.  Carll  also  published  a plate  of 
oil  well  sections§  showing  the  continuation  of  the  Venango  sands 
from  Oil  City  and  Franklin  to  Clarion,  and  the  Clarion  section 
has  been  recently  connected  by  JMunn  (unpublished)  with  the  Kit- 
tanning  Eural  Valley  region  studied  by  Butts,  ||  with  the  result 
that  the  100-foot  sand  of  Butler  and  Armstrong  counties  has  been 
satisfactorily  identified  with  the  Venango  1st  sand,  thus  confirming 
Carll’s  earlier  conclusion  referred  to  above.  The  100-foot  sand 
is  regarded  with  good  reason  as  the  equivalent  of  the  Gantz  and 

*I  4,  Economy  oil  well  section  pp.  31-48. 

tQ  4.  p.  71. 

tl  3,  p.  272 

§I  3,  pi.  6. 

IIKlttanning  and  Rural  Valley  Folios  and  Bull.,  U.  S.  Geological  Survey,  No.  279. 
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50-foot  sands  of  Washington  and  other  southwest  Pennsylvania 
counties,  though  the  Butler-Arnistroug  counties  region  has  not  been 
closely  tied  up  by  continuous  lines  of  carefully-studied  well  sec- 
tions witli  the  southwestern  counties.  There  still  remains  a gap 
of  some  miles  to  be  studied.  A comparison  of  the  geologic  section 
in  Butler  and  Armstrong  counties  with  that  of  Washington  county, 
however,  makes  it  api)ear  jn-obable  that  the  identification  of  the 
lOO-foot  Avith  the  Gantz  and  50-foot  sands  is  correct.  To  sum  up, 
then,  the  Berea  sandstone  is  the  same  as  the  Venango  1st  sand,  the 
100-foot  sand  and  the  Gaiitz  and  50-foot  sands.  This  affords  a good 
]-eference  horizon  for  the  comparison  of  the  oil  sands  throughout 
the  western  part  of  the  State.  It  appears,  furthermore,  that  the 
sand  called  Berea,  in  Beaver  county  and  in  southeastern  Ohio,  prob- 
ably is  not  the  Berea,  but  the  equivalent  of  the  Murrysville  sand, 
Avhich  lies  100  feet  or  so  above  the  100-foot,  or  Berea  sand. 

CARBONIFEROUS  SYSTEM— (Continued). 

Mancli  ClitriiJi.  Formation.  In  the  central  and  southwestern  part 
of  the  State,  the  Mauch  Chunk  formation  lies  immediately  beloAV 
the  unconformity  just  described.  Along  the  Pennsylvania  Railroad 
on  the  Allegheny  Front,  Avest  of  Altoona,  this  is  180  feet  thick,  com- 
posed of  80  feet  of  thick-bedded,  ffiie-grained,  greenish,  sandstone 
at  bottom  and  100  feet  of  red  and  green  shale  at  top.  Where  exposed 
on  the  Chestnut  anticline  in  Fayette  county  it  is  150  to  200  feet 
thick,  composed  of  red  and  green  shales,  with  the  Greenbrier  lime- 
stone lentil  20  to  30  feet  included,  near  the  bottom,  iks  noted  above 
the  Mauch  Chunk  can  be  identified  in  well  logs  as  far  west  as 
Saltsburg  and  Ts  50  to  100  feet  thick  on  the  Coneniaugh  river; 
and  also  from  the  southwest  corner'  of  the  State  Avhere  it  ranges 
from  100  to  200  feet  thick  until  it  thins  and  disapipears  from  the 
section  a feAv  iniles  sontli  of  Pittsburg.  Wells  a feAv  miles  south  of 
PunxsutaAAmey  shoAV  no  .Mauch  Chuuk,  and  the  Avestei'ii  margin  of 
that  formation  lies  farther  east.  A line  representing  a])|)roximately 
the  north  and  Avest  edge  of  the  IMauch  Chunk  Avonld  run  Avest  from  a 
feAV  miles  south  of  Pittsburg  to  the  Ohio-Pennsylvania  State  line, 
and  from  the  same  locality  northeast  through  Sallsburg  and  In- 
diana, probably  crossing  the  southeastern  corner  of  Jefferson  county. 
North  and  AA'est  of  such  a line  Ihe  Pottsville  is  in  contact  Avith  the 
Pocono  formation,  save  for  here  and  1hei-e  ])0ssibly  an  outlying 
patch  of  Mauch  Chunk. 

Pocono  Fonnatioii  ( Waver! n (iroap).  Along  the  Pennsylvania 
Railroad,  on  the  Allegheny  Fi'ont,  the  Pocono  is  1,100  feet  thick, 
having  400  feet  of  sandstone  at  top  and  700  feet  of  shale  and  sand- 
stone at  bottom,  this  part  containing  a number  of  beds  of  red  shale 
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like  the  red  shale  of  the  underlying  Catskill.  The  upper  sandstone 
member  is  the  Bnrgoon  sandstone.  On  the  Chestnut  antieline  on 
Youghiogheuy  river,  the  lower  shaly  part  of  the  Pocono  ap|)ears  to 
be  wanting,  the  Bnrgoon  sandstone  resting  ujton  beds  carrying  a 
fauna  that  suggests  the  Coneivango  formation  of  the  northwest  part 
of  the  State  described  beyond  (p.  198).  This  subject  is  reverted  to 
on  p.  198.  The  Bnrgoon  sandstone  is  one  of  the  persistent  beds 
throughout  western  Pennsylvania  and  southeastern  Ohio,  being  pres- 
ent in  every  deep  well  throughout  most  of  the  region  and  known  to 
the  driller  as  the  “Big  Injun”  sand.  Its  position  with  respect  to 
overlying  formations  which  form  the  surface  is  shown  on  the  plate 
of  profile  and  well  sections  (PI.  IX).  West  of  the  Allegheny  Front 
the  Bnrgoon  comes  to  the  surface  only  along  Allegheny  Valley,  of 
which  it  forms  part  of  the  walls  from  Mahoning,  a few  nules  north 
of  Kittanning,  to  Tionesta,  where  it  is  beveled  off  by  erosion  and 
disappears  from  the  section,  the  overlying  Pottsville  coming  into 
contact  with  the  shale  below'  it.  It  loses  much  of  its  heavy  sand- 
stone character  and  becomes  more  or  less  shaly  northw'ard.  It 
appears  from  the  studies  of  DeWolf  (unpublished)  that  the  Bnrgoon 
also  disappears  from  the  section  betw'eeu  Allegheny  river  and  New- 
castle. A line  therefore  roughly  indicating  its  northw'est  edge  might 
be  draw'll  from  Beaver  Falls  in  a curving  direction  passing  nortli  of 
Franklin  and  Oil  City  to  Tionesta,  and  eastward  to  connect  with 
the  line  described  on  p.  196,  to  indicate  the  northwest  edge  of  the 
Manch  Chuuk,  the  Conno(pienessing  sandstone  being  in  contact  with 
some  part  of  the  Bnrgoon  over  the  included  area. 

It  appears  from  a comparison  of  a complete  section  of  the  Ohio 
Waverly  Group  w'ith  the  Pocono  section  of  w'estern  Pennsylvania 
that  the  Bnrgoon  is  the  equivalent  of  the  Logan  and  Black  Hand 
conglomerates  (Logan  Group  of  Orton),  and  that  the  shale  and 
sandstone  below  the  Bnrgoon  are  the  equivalent  of  the  Cuyahoga 
shale  and  Berea  sandstone,  the  latter  being  the  basal  member  of 
the  Pocono.  Actual  tracing  by  means  of  w'ell  borings  from  w-estern 
Pennsylvania  to  central  Ohio  also  practically  establishes  the  equiva- 
lence of  the  “Logan  Group”  with  the  “Big  Injun”  sand.®  The  shales 
below'^  the  Bnrgoon  likew'ise  rise  to  vieAV  along  the  river  above  Em- 
lenton  and  can  be  traced  w'ithont  mistake  into  tlie  (^nyahoga  shale 
of  the  Ohio,  so  that  the  practical  equivalence  of  the  Pocono  and 
Waverly  seems  W'ell  establisheif. 

Unconformity  at  the  Base  of  the  Bnryoon.  In  1878  Stevenson® 
published  a list  of  fossils  collected  in  Conemangh  and  Yonghiogheny 
Gaps  through  Chestnut  Eidge.  Tlie  fossils  w^ere  collected  in  the 
150  feet  immediately  underlying  the  Bnrgoon  sands  lone,  some  of 


•Orton,  Gol.  Ohio,  Vol,  VII,  P,  34. 
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them  within  18  inches  of  the  bottom  of  that  stratum.  These  fossils 
were  pronounced  Chemung  by  James  Hall,  to  whom  they  were  sub- 
mitted for  identification.  On  the  strength  of  these  fossils,  Stevenson 
regarded  the  rocks  containing  them  as  Chemung.  While  a part  of 
the  forms  occur  in  the  Chemung,  they  also  occur  in  the  overljdng 
Conewango  beds  to  be  described  below,  and  in  the  writer’s  opinion 
the  rocks  in  question  should  be  referred  to  the  Conewango,  which  is 
the  equivalent  of  the  upper  part  of  the  Catskill  formation.  This 
opinion  is  supiiorted  also  by  the  fact  that  near  Conemaugh  Gap  and 
to  the  west  of  Chestnut  Eidge  a body  of  red  rock  150  to  400  feet 
thick  is  penetrated  in  deej>  wells  drilled  for  oil  and  gas  at  a lower 
stratigraphic  level  than  the  beds  bearing  the  fossils,  a fact  that  indi- 
cates that  they  are  above  the  bottom  of  the  Catskill.  Furthermore, 
Stevenson  reports  red  layers  in  the  rocks  exposed  in  the  gaps  men- 
tioned above  just  as  they  occur  in  the  Conewango  formation. 

Prom  the  above,  it  follows  that  apparently  the  Cuyahoga  forma- 
tion and  Berea  sandstone  are  wanting  across  the  crest  of  the  Chest- 
nut anticline,  it  either  having  been  eroded  from  that  area  or  never 
deposited  there.  During  Cuyahoga  time  there  possibly  existed  a 
reef  or  low  barrier  along  the  line  of  the  Chestnut  anticline  which 
received  no  sediment  but  which  sank  at  the  close  of  the  epoch  so 
that  the  sediment  composing  the  Burgoon  (Pocono  “Big  Injun”) 
sandstone  were  deposited  upon  it  in  their  full  thickness. 

It  is  to  be  noted  that  the  Conemuagh  and  Youghiogheny  gaps  lie 
at  a 'distance  from  the  Allegheny  Front,  where  the  Catskill  is  typi- 
cally developed  that  is  comparable  to  that  in  the  northern  part  of 
the  State  where  the  Conewango  fauna  exists  in  beds  regarded  as  the 
equivalent  of  the  upper  part  of  the  Catskill.  This  subject  will  be 
discussed  under  the  next  head. 

Comicango  and  Catskill  Formations.  As  in  the  case  of  the  Wa- 
verly  and  Pocono,  the  “Conewango  and  Catskill”  formations  are,  in 
part,  at  least,  contemporaneous,  though  differing  much  in  lithologic 
and  paleoutologic  character.  On  the  Allegheny  Front  the  Catskill 
formation  is  2,000  feet  thick  and  mostly  red  shale  and  sandstone 
carrying  in  localities  abundant  fish  remains,  but  no  marine  inverte- 
brates. The  formation  dips  west  beneath  the  bituminous  coal  basix 
and  does  not  reappear  with  the  same  character  as  it  has  whei’e  it 
disaiipears  beneath  the  overlying  rocks.  It  can  be  traced  nearly  con- 
tinuously around  the  north  end  of  the  basin  through  Clinton,  Cam- 
eron, Potter,  McKean  and  Warren  counties.  In  the  distance  from 
Lock  Haven,  Clinton  county,  to  Warren,  Y'arren  county,  the  for- 
mation changes  gradually  froin  red  to  green,  and  the  fossil  fish 
are  replaced  by  a fairly  abundant  marine  invertebrate  fauna,  while 
in  the  same  distance  the  thickness  changes  from  2,000  at  Lock  Haven 
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to  500  or  GOO  feet  at  Warren.  In  the  Warren  region,  only  two  or 
three  thin  red  bands  occur.  The  red  bands  are  nearly,  or  quite,  non- 
fossiliferous,  the  fossils  occurring  only  in  the  green  and  gray  beds. 
This  feature  is  still  more  striking  in  the  Olean  Neiv  York  region 
and  in  eastern  McKean  county,  where  the  red  bands  are  thicker 
and  there  is  a greater  number  of  them.  To  this  western  aspect  of 
the  Catskill  rocks  the  name  Conewango  formation  has  been  applied 
by  Butts  in  the  Warren  Folio,  and  the  names  Cattaraugus  and 
Oswayo  beds  in  the  Olean  region.*  The  Conewango  is  500  to  GOO 
feet  thick.  Since  the  Conewango  and  Catskill  merge  into  each  other 
laterally  it  will  be  impossible  ‘to  find  a sharp  line  of  division  be- 
tween them,  and  where  the  name  Conewango  shall  cease  to  be 
applied  and  the  name  Catskill  begins  will  have  to  be  decided  on  the 
ground  of  exi>edienc3".  It  appears  from  the  stratigraphic  studies 
so  far  made  that  the  Conewango  rocks  represent  the  upper  part 
of  the  Catskill  where  that  is  typically  developed,  and  the  fossils 
indicate  strongly  that  the  rocks  should  probably  be  regarded  as 
carboniferous,  though  that  is  still  a debatable  question.  Dr.  Geo. 
II.  GirW  has  been  studying  the  subject  for  a number  of  years  and 
has  a report  in  progress  of  preparation  in  which  he  will  describe 
the  fauna  and  discuss  its  bearing  on  the  question  of  the  age  of  the 
Conewango. 

The  presence  of  red  layers  and  strata  from  a few  to  400  feet  thick 
is  shown  by  thousands  of  deep  well  logs  throughout  almost  the  en- 
tire bituminous  basin  from  the  Alleghenj^'  Front  to  Ohio  and  New 
York,  and  it  is  plain  that  there  is  across  the  whole  width  of  the 
State  from  New  York  to  IMaiwland  the  same  transition  from  red 
beds  on  the  east  to  prevailingly  gray  beds  with  thin  red  layers  on 
the  west  that  there  is  across  the  northern  counties,  as  described 
above.  Furthermore,  the  same  thinning  westward  prevails  and  the 
Conewango  beds  are  only  200  to  300  feet  thick  along  tlie  west  line 
of  the  State.  This  thinning  is  shown  on  the  i>rofile  section,  plate 
IX. 

The  Conewango  includes  most  of  the  Venango  oil  sand  group,  but 
it  does  not  include  the  Berea  sandstone,  which  is  the  first  or  100-foot 
sand,  that  bed  being  included  in  the  Pocono.  Scattering  red  lac-ers, 
probably  to  be  included  in  this  ]>hase  of  sedimentation,  also  occur 
below  the  bottom  of  the  Venango  sands,  and  these  are  thicker  and 
occur  at  lower  horizons  eastward. 

It  appears  as  though  the  main  body  of  red  sediment  was  derived 
from  the  east  and  deposited  east  of  a line  15  to  20  miles  west  of 
the  Allegheny  Front,  and  that  west  of  that  line  onlc^  at  times  of 
large  supply  or  under  especiallp'  favorable  conditions  of  transpor- 
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tatiou  were  the  red  sediments  traiisi)orted  westward,  occasionally 
to  the  Avesteru  confines  of  the  State,  and  laid  down  as  a red  band 
in  the  midst  of  prevailingly  green  gray  sediment,  probably  derived 
from  Ihe  northwest,  thus  forming  an  alternation  or  interfingering  of 
the  tivo  kinds  of  sediment.  To  the  west  the  conditions  appear  to 
have  been  marine,  as  attested  by  the  presence  of  marine  fossils,  but 
eastward  the  conditions  ivere  different,  either  tlie  water  or  sediment 
being  inimical  to  marine  life,  except  possibl}'  that  of  fishes  that 
could  move  easily  from  place  to  ])lace  as  conditions  changed.  It 
is  commonly  believed  that  the  fishes  the  remains  of  which  occur  in 
the  typical  Catskill  formation  Avere  of  fresh  AAmter  habitat. 


DEVONIAN  SYSTEM. 

The  Devonian  is  a great  shale  and  sandstone  system  Avith  a lime- 
stone included  at  the  base.  It  is  diAdded  into  the  following  forma- 
tions: Chemung,  Portage,  Genesee,  Hamilton,  Marcellus,  Oriskany 
and  Ilelderbnrg. 

Chemung  Formation.  The  Chemung  is  composed  predominatingly 
of  thin,  fine-grained,  argillaceous  sandstone,  and  shale,  commonly 
called  by  the  oil-Avell  driller,  slate  and  shells.  On  the  Allegheny 
Front  it  is  2,400  feet  thick,  in  southwestern  New  York  and  north- 
Avestern  I*ennsylvania  it  is  about  1,100  feet  thick,  and  it  is  assumed 
to  have  about  tliat  thickness  throughout  the  most  of  the  central 
bituminous  basin.  In  nortliAAVstern  PennsylAmnia  its  upper  limit 
is  here  jilaced  at  the  top  of  the  ‘-pink  rock”  described  beyond,  and  its 
loAver  at  the  top  of  the  Bradford  oil  sand  of  McKean  county,  or  at 
that  horizon  as  nearly  as  it  can  be  determined  Avhere  the  sand  is 
absent  or  thin.  The  upper  part  of  the  Chemung,  both  on  the  Alle- 
gheny Front  and  in  northwestern  Pennsylvania,  is  marked  by  a 
large  pro])ortion  of  purplish  shale  and  sandstone.  In  the  former 
region  the  purplish  rocks  extend  through  the  upper  1,000  feet,  and 
in  the  latter,  through  the  upper  300  feet  or  so.  In  IVarren  county 
the  ])urplish  beds  are  called  “pink  rock”  by  oil-AAvll  drillers.  It  is 
l>ossible  that  the  red  rock  noted  at  a considerable  depth  beloAV  the 
{u-obable  bottom  of  the  Venango  sands,  in  here  and  there  a deep  well 
in  the  soul  hern  and  central  part  of  the  Bituminous  basin  is  really 
this  “pink  rock”  and  is  to  be  included  in  the  Chemung.  The  Che- 
mung is  Avry  fossiliferous.  Its  fauna  is  sharply  differentiated  from 
the  OA'erlying  Conewango  and  ceases  at  the  top  of  the  “])ink  rock,” 
only  a very  small  proportion  of  the  species  extending  upward  into 
Ihe  ConeAvango,  Avhile  none  of  the  characteristic  species  of  the  Cone- 
Avango  occur  in  the  Che]nung.  The  oil  sands  of  Warren  county, 
and  the  Spechley  and  Tiona  sands  in  the  central  part  of  the  basin 
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lie  near  the  middle;  and  the  Havard  and  Elizabelh  sand.s  of  soiith- 
■Nvesteru  Pennsylvania  lie  near  the  top  of  Ihe  formation. 

Portage  Formation.  The  Portage  formation  outcrops  in  western 
Pennsylvania  only  along  the  shore  of  Lake  Erie.  It  also  outcro])s 
east  of  the  Allegheny  Front,  its  bottom  lying  wilhin  the  limits  of 
Altoona.  In  the  Altoona  section  the  Portage  is  1,000  feet  thick. 
It  is  not  known  in  the  Tlituminons  basin  exce])t  from  well  borings. 
Throughout  the  oil  fields  it  is  regarded  as  comprising  the  1,000  feet 
or  so  of  gray,  sand3'  shale  and  thin  sandstone  intervening  between 
the  Chemung  formation  and  the  soft,  dark  shale  of  the  Hamilton 
formation.  It  would  be  classed  in  the  driller's  category  of  “slate 
and  shells.”  It  is  penetrated  in  Avhole  or  in  |)art  by  all  the  deep 
well  sections  of  PI.  IX,  excej)!  the  Casemau  well  in  southwe.stern 
Greene  county,  where  it  lies  below  the  bottom  of  the  well.  In  !Mc- 
Kean  county  the  Bradford  oil  sand  is  probably  the  same  as  the  sand- 
stone making  the  top  of  the  Portage  formation  at  Portageville,  X. 
Y.  Outside  of  the  Bradford  oil  field  the  Bradford  sand  can  not  be 
identified  with  certaint^y,  but  in  some  of  the  wells  that  have  pene- 
trated deep  enough  a thin  sand  has  been  noted  lying  near  its  proba- 
ble horizon,  and  the  top  of  the  Portage  has  been  drawn  at  that 
position. 

At  its  nearest  outcrop  east  of  the  Allegheny  Front  the  Portage  is 
composed  niosth’  of  stiff,  greenish,  sandy  shale,  with  thin  inter- 
bedded  greenish  sandstones.  Included  at  the  base  is  100  feet  or  so 
of  veiy  tliinlj'  and  evenly  laminated  pale  gray  or  dove-colored  shale. 
The  formation  is  veiw  spaifiuglv  fossiliferous,  tlie  fossils  being  almost 
wholly  minute  pelecypods.  Along  the  line  of  'well  sections  (PI.  IX) 
the  rocks  identified  as  Portage  are  about  1,000  feet  thick,  as  shown 
in  the  Starbrick,  Conw'ay  and  Bedell  well  sections. 

In  central  Pennsylvania  the  Portage  Avas  not  discrimintaed  from 
the  Chemung  in  tlie  reports  of  the  Second  Geological  Survey  of 
Pennsylvania,  but  the  se})aration  has  been  made  in  tlie  Ebensbnrg 
Folio,  and  to  that  fuiblication  the  reader  is  referred  for  a discus- 
sion of  the  grounds  upon  which  the  separation  Avas  made. 

Genesee  Shale.  The  Genesee  shale  outcrops  from  beneaih  the 
Portage  formation  along  tlie  east  of  the  Allegheny  Front.  It  is  black 
and  probably  averages  7-5  feet  thick.  It  can  not  be  satisfactorily 
identified  in  the  Avell  sections  of  the  oil  regions  and  may  be  assumed 
to  have  disajipeared  from  the  section  or  to  have  so  changed  as  to 
be  unrecognizable  under  the  conditions. 

Hamilton  and  Marccllns  Formations.  At  Altoona  Ihe  Hamilton 
and  Marcellns  formations  are  a])parentl.v  2,000  to  3,000  feet  thick. 
The  Hamilton  is  dark  greenish,  hackly  shale  above  and  darker  fissile 
shale  beloAV,  containing  bauds  of  sandstone.  The  Marcellns  is  a 
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black  fissile  shale  probably  not  over  200  feet  thick.  In  the  Starbrick 
well  section  (Fig.  1,  PI.  IX),  nnderlying  the  greenish  sandy  shale 
referred  to  the  Portage,  are  1,000  feet  of  dark  shales,  with  limestone 
and  calcareous  shale  in  the  lower  third,  that  are  here  regarded  as 
Hamilton.  In  the  Bedell  well  (fig.  5,  PI.  IX)  are  985  feet  of  dark 
shales  with  limestone  bands  throughont  that  are  here  referred  to 
the  Hamilton,  though  Dr.  I.  C.  White  expressed  the  opinion  that 
the  well  stopjied  in  the  Marcellos.  The  Starbrick  Avell  stopjied  in 
a very  black  shale  with  calcite  that  seems  almost  certainly  referable 
to  the  Marcellns.  This  shale  was  penetrated  to  a depth  of  only  10 
feet.  It  appears  reasonable,  therefore,  to  assume  that  the  Hamilton 
is  about  1,000  feet  thick  thronghont  the  axial  part  of  the  Bitumi- 
nous basin.  A complete  suite  of  drillings  from  the  Starbrick  well 
shows  that  the  Hamilton  is  a dark,  to  chocolate,  soft  clay  shale 
which  is  highly  calcareous  for  200  feet  or  so  above  the  base.  In  the 
midst  of  the  calcareous  stratum  is  a bed  of  limestone  32  feet  thick. 
In  the  Conway  well  (Fig.  2,  PI.  IX),  and  in  a well  at  Titusville  knoAvn 
as  the  Watson  well  a limestone  Avas  encountered  at  a great  depth 
that  is  probably  the  same  as  the  limestone  in  the  Starbrick  Avell. 
This  limestone  Avas  regarded  as  the  Onandaga  (coruiferous)  by  Carll,* 
but  the  presence  of  over  200  feet  of  dark  shale  beloAV  it  in  the  Star- 
brick Avell  shows  that  that  identiticatiou  is  probably  erroneous.  The 
presence  of  thin  limestone  bauds  through  the  full  thickness  of  the 
Hamilton  in  the  Bedell  Avell  (Fig,  5,  PI.  IX)  shoAvs  the  progressive 
increase  in  calcareous  contents  to  the  southwest. 

Bodes  Bd'ow  the  Ilwnilton,  Formation.  As  shoAvn  in  the  preced- 
ing discussion,  our  direct  knoAvledge  of  the  underground  rocks  of  the 
Bituminous  basin  extends  doAAUi  only  to  the  bottom  of  the  Hamilton 
f(u-mation  or  thereabouts.  The  Starbrick  Avell  near  Warren  appar- 
ently reached  the  Marcellns,  Avhile  the  Bedell  AA'ell  at  West  Eliza- 
beth may  have  reached  the  same  horizon  or  may  have  stojiped  a 
little  short  of  it. 

The  character  and  thickness  of  the  deejier  lying  rocks  are  neces- 
sarily matters  of  speculation  and  inference  based  upon  the  rocks  as 
they  outcrop  around  the  margins  of  the  basin  in  Maryland,  Penn- 
svlvania,  Xcav  York  and  Ohio,  but  especially  in  the  first  tAvo  men- 
tioned States.  AAdiere  their  outcrop  is  nearest  to  the  center  of  the 
basin.  A general  section  of  these  rocks  down  to  the  Trenton  lime- 
stone UA^eraged  from  measurements  in  Blair  and  Bedford  counties, 
Pa.,  and  near  Cumberland.  IMd.,  made  by  the  geologists  of  the  Penn- 
syhmnia  Second  Sniwey  and  the  Maryland  Survey  is  as  folloAvs: 


*1.6,  p.  72. 
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Oriskany  sandstone 177 

Heidelberg'  limestone • 353 

Salina,  Niagara,  and  Clinton  shales  and  sandstones  with  limestone 

layers 1,800 

Medina  sandstone,  425 

Medina  Shale 1,060 

Utica  shale,  etc.,  850 


Total 4,665 

Top  of  Trenton  limestone,  


Ou  the  Alleglieiij  Front,  in  Blair  and  Bedford  countie.s,  Pennsyl- 
vania, and  at  Cnmberland,  INFaryland,  the  average  thickness  of  the 
rocks  from  the  top  of  the  Catskill  to  the  Oriskany  sandstone  is  7,GG0 
feet.  At  Warren,  Pa.,  the  known  thickness  of  the  erptivalent  rocks 
to  the  bottom  of  the  Starbrick  well  is  4,1G0  feet  and  is  probably  100 
feet  or  so  thicker  since  the  drill  did  not  go  through  Ihe  iMaracellus. 
In  the  Bedell  well  at  ll>st  Elizabeth  the  same  beds  are  known  to 
be  3,572  feet  and  are  probaly  thicker  since  here  also  the  black  shales, 
either  Marcell  us  or  HamiHon,  were  not  pas.sed  through.  If  we  ad<l 
200  feet  it  ivould  make  the  tliickness  3,772.  These  thicknesses  in  the 
middle  of  the  Bituminous  basin  will  be  seen  to  be  apiiroximately 
one-half  of  the  thickness  of  the  same  rocks  in  the  Allegheny  Front, 
and  it  may  be  fairly  assumed  that  the  deeper  lying  rocks  thin  to 
the  same  extent  westward,  so  that  a section  at  Pittsburg,  for  in- 
stance, would  be  as  follows: 


Oriskany  sandstone 88 

rielderberg  limestone 176 

Salina,  Niagara,  and  Clinton  shales  and  sandstones  with  limestones,  900 


1,164 

Top  of  Medina  sandstone 


Medina  sandstone 212 

Medina  shale 530 

Hudson  and  Utica  shales 425 


1,167 


- 2,331 

Top  of  Trenton  limestone 


Since  all  the  above  formal  ions,  with  the  exception  of  1he  Oriskany, 
and  possibly  the  Salina,  can  be  discriminated  in  Ohio,  where  they 
emerge  from  beneath  the  Bituminous  basin,  it  is  reasonably  certain 
that  they  persist  underneath  that  part  of  the  basin  included  in  Penn- 
.sylvania,  so  that  the  above  section  may  be  regarded  as  fairly  reliable 
as  to  character,  thickness  and  sequence  of  formations. 

14 
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Assuming  that  the  Bedell  well  at  West  Elizabeth  stopped  Avithiii 
too, feet  of  the  top  of  the  Oriskauy  saudstoue,  it  would  have  been 
necessary  to  drill  1,264  feet  deeper,  or,  say,  1,300  feet,  to  reach  the 
Medina  sandstone  and  2,467  feet  deeper  to  reach  the  Trenton  lime- 
stone. In  other  words,  at  West  Elizabeth  the  Medina  lies,  according 
to  the  above  calculations,  at  the  depth  of  6,875  or  a little  over  5,000 
feet  below  sea  level,  while  the  Trenton  linmstone  lies  at  the  depth 
of  8,042  or  a little  over  7,100  feet  below  sea  level.  The  depths  given 
above  may  be  considerably  greater,  but  it  is  highly  improbable  that 
they  are  smaller,  so  it  may  be  fairly  assumed  that,  along  the  river 
in  the  viciniW  of  Pittsburg  it  would  be  necessary  to  drill,  at  the 
very  least,  to  the  depth  of  6,875  feet  to  reach  the  Medina,  and  8,042 
feet  to  reach  the  Trenton.  The  position  of  these  strata  with  refer- 
ence to  sea  level  under  the  Bitnminons  basin  are  sufficiently  exhib- 
ited in  the  profile  sections  and  need  not  ,be  further  discussed  here. 
The  depth  at  which  they  lie  beneath  the  surface  at  any  point  will 
depend,  of  course,  upon  the  location,  upon  the  elevation  of  the  sur- 
face, and  npon  the  locality,  the  depth  gradually  diminishing  to  the 
northeast,  as  shown  in  section.  Fig.  2,  PI.  IX. 

The  practical  bearing  of  this  discussion  lies  in  the  fact  that  the 
Medina  sandstone  is  an  important  gas  producer  in  western  New 
York,  and  the  Trenton  limestone  is  an  important  oil  producer  in 
Ohio,  and  the  matter  of  drilling  to  those  strata  had  probably  sug- 
gested itself  to  many  persons.  In  fact,  the  Starbrick  well  at  War- 
ren Avas  drilled  Avith  the  object  of  reaching  the  Medina,  though  the 
Avell  Avas  abandoned  at  something  like  1,200  feet  above  that  stratnm. 

The  information  giA’en  aboAe  should  enable  any  one  who  may 
contemplate  drilling  to  either  tlie  Medina  or  Trenton  in  the  Penn- 
sylvania oil  and  gas  fields,  to  appreciate  the  magnitude  of  the  under- 
taking and  to  suggest  that  the  prospect  of  profit  is  too  small  to 
Avarrant  the  expense  involved  in  such  a venture. 
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STRUCTUKE. 


(See  large  folded  map,  Plate  I). 

General  Statement.  In  the  recent  geologic  work  in  which  the 
Federal  and  State  governments  have  co-operated  the  determination 
and  delineation  of  structure  has  been  considered  as  of  the  highest 
importance,  and  a large  share  of  the  work  and  its  cost  has  been 
devoted  to  that  side  of  tlie  study.  As  work  in  this  direction  is  a 
distinct  advance  over  the  work  of  the  earlier  surveys,  and  as  men 
without  engineering  training  are  not  familiar  with  the  meaning  of 
the  word  as  here  used,  or  tlie  method  of  representing  the  structure 
in  recent  publications,  the  subject  is  here  treated  at  some  length  and 
from  a very  elementary  standpoint.  There  are  four  phases  of  the 
subject  to  be  explained : (1)  The  meaning  of  the  word  “structure'’ 
as  here  used ; (2)  the  method  of  its  graphic  representation ; (.3)  the 
methods  of  its  determination  in  the  field;  and  (4)  the  degree  of 
accuracy  and  reliability  of  the  structure  as  presented. 

If  it  were  possible  to  remove  all  of  the  rocks  lying  above  the  top 
of  any  selected  rock  layer  in  western  Pennsylvania,  such  as  the 
Pittsburg  coal,  or,  better,  the  top  of  the  Upper  Freeport  coal,  it 
would  be  found  that  the  top  of  the  layer  formed  a surface  like  that 
of  a gently  rolling  country  consisting,  in  the  main,  of  low,  rounded 
ridges  or  swells  between  equally  gently  rounded  valleys.  The  ridges 
and  valleys  would  be  found  in  western  Pennsylvania  to  have  a 
general  trend  of  northeast  and  southwest.  Some  of  the  ridges  and 
valleys  would  be  found  to  be  very  long,  extending  sometimes  half 
way  across  the  State,  but  in  all  cases  the  ridges  would  nose  out  and 
the  valleys  run  out  as  two  nearly  parallel  ridges  run  together  and 
coalesce.  This  would  be  true  only  of  the  western  part  of  the  State 
west  of  a line  which  is  followed  by  the  east  side  of  Cambria  county. 
For  a short  distance  west  of  this  line  the  ridges  and  valleys  would 
usually  be  quite  long  and  narrow  and  regular.  Further  west  they 
would  usually  be  shorter,  broader,  and  less  regular,  until  along  the 
western  edge  of  the  State  this  rock  surface  which  Ave  have  assumed 
to  have  been  exposed  Avonld  ajtpear  to  be  a gently  sloping  surface, 
sometimes  rising  into.  OAml  or  sugar-loaf  mounds  and  similar  de- 
pressions, but  in  general  sloping  toward  a line  drawn  from  Pittsburg 
southwestward  toward  Huntington,  West  Virginia.  Further  exam- 
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illation  won  Id  show  that  this  line  was  the  axis  of  a major  valley  or 
basin,  bnt  that  in  going  eastward  from  this  line,  the  ridges  and 
l alleys  occurred  at  higher  and  higher  elevations.  By  structure  here 
is  meant  the  “lay”  of  any  bed,  or  the  shajie  of  one  of  its  bounding 
surfaces,  as  just  described. 

In  the  description  of  the  histoiy  of  this  region  given  beyond,  it 
is  stated  that  in  the  main  these  ridges  and  valleys  are  folds  produced 
by  pressure  from  the  southeast,  as  a bolt  of  cloth  partly  extended 
on  a counter  and  pushed  upon  from  one  end  will  be  thrown  into 
many  transverse  folds  or  wrinkles.  To  the  u]>  folds  or  ridges  the 
geologist  gives  the  name  “anticlines,”  to  the  down  folds  or  valleys, 
the  name  of  “synclines;”  the  direction  of  slope  at  any  point  is  the 
“dip,”  and  a horizontal  line  at  right  angles  to  the  dip  along  the 
bed  is  the  “strike.” 

Method  of  Graphic  Representation.  In  attempting  to  represent 
the  structure,  three  methods  are  used.  One  method  is  by  hachure 
lines,  or  some  modification  of  them ; that  is,  on  the  map  of  the  area 
involved,  short  lines  are  drawn  in  the  direction  of  the  dip.  Usually 
the  part  of  the  line  dmvn  the  dip  is  made  heavier  than  the  opposite 
end.  In  this  way  it  is  possible  to  show  the  direction  of  the  dip, 
the  ]»osition  of  the  anticlines  and  synclines,  and,  if  the  length  of  the 
line  is  varied  as  the  dip  varies,  it  may  be  possible  to  suggest  whether 
the  dip  is  high  or  loiv.  In  this  method  there  is  only  one  definite 
tiling  shown — the  horizontal  position  of  the  axes  of  the  anticlines 
and  the  sjmclines.  All  the  rest  is  indefinite,  and  the  method  has, 
therefore,  a very  limited  application  from  an  engineering  and  prac- 
tical standpoint.  The  second  method  consists  in  assuming  that 
the  rocks  have  been  cut  by  a vertical  plane  and  a drawing  is  made 
which  represents  the  cut  edges  of  the  rocks  where  they  are  inter- 
sected by  this  plane.  Such  sections  are  shown  in  plate  IX.  Just 
along  the  line  of  its  intersection  this  method  rejiresents  the  structure 
with  entii’e  definiteness  and  with  as  great  accuracy  as  the  facts  ob- 
served or  obtained  will  allow.  It  shows  not  only  the  horizontal 
position  of  the  axes  and  folds  at  the  points  of  intersection,  but 
their  vertical  position  as  well,  expressed,  it  may  be,  in  feet  above 
sea  level,  and  the  exact  slope  of  the  rocks  between  the  various  axes 
of  the  anticlines  and  synclines,  so  that  the  exact  position,  vertically 
and  horizontally,  of  any  rock  being  studied  may  be  determined. 
This  is  the  most  vivid  way  of  representing  structure.  It  has  this 
great  disadvantage,  however — it  shows  the  structure  only  along  the 
line  of  the  section.  If  the  anticlines  and  synclines  are  long  and  reg- 
ular such  sections  a mile  apart  iiiay  give  a very  fair  idea  of  the 
stiTicture.  If  the  structure  be  irregular  the  sections  must  be  cor- 
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respondiiigl}’  more  numerous  and  near  together.  It  is  evident  at 
once  that,  while  such  sections  may  give  accurate  information  of 
the  structure  along  the  lines  of  the  sections  and  general  informa- 
tion of  the  region  in  general,  if  it  be  desired  to  get  exact  information 
as  to  the  dip  of  elevation  of  any  coal  or  other  rock  bed  or  any  i)oint 
off  from  one  of  the  lines  of  section,  it  can  only  be  done  with  diffi- 
culty, and  at  best,  approximately. 

The  third  method  is  by  the  use  of  contour  lines.  This  method, 
while  not  so  readily  understood,  or  so  graphic  in  its  portrayal  of 
the  folding  as  the  preceding  method,  has  the  great  advantage  that 
it  may  be  placed  on  a map  with  other  features,  and  from  the  lines 
as  drawn  it  is  possible  to  determine  at  any  point  on  the  map  the 
dip,  strike  and  elevation  of  the  rock  surface  that  has  been  contoured. 
To  understand  the  meaning  of  contours,  let  it  be  imagined,  as  be- 
fore, that  all  of  the  rocks  above  the  top  or  bottom  of  a selected  layer 
be  removed  and  that  then  the  sea  rises  until  just  above  the  top  of 
the  highest  fold,  say,  to  an  even  number  of  100  feet  above  its  old 
level.  Hupj)Ose  now  that  it  sinks  100  feet  so  that  the  top  of  the 
ridge  projects  slightly  above  its  surface.  If  it  remains  at  this  level 
*a  short  time  it  might  be  assumed  to  make  a slight  beach  mark  where 
the  waters  meet  the  ridge.  Such  a beach  mark  might  consist  of  a 
slight  wave  cutting  in  the  rock  or  only  of  an  inconspicuous  ridge 
of  seaweed,  sand,  etc.,  sucli  as  is  ordinarily  thrown  up  at  high 
water  on  any  beach  to-day  Sujipose  the  sea  then  sinks  another  100 
feet  and  remains  until  another  beach  mark  has  been  made.  Evi- 
dently the  two  beach  marks  will  show  the  exact  shape  of  the  hill 
at  the  elevations  above  the  old  sea  level  at  which  the  sea  stood  still. 
Where  the  slope  from  the  first  mark  to  the  second  was  gentle  the 
marks  will  be  far  apart.  Where  the  slope  was  steep  the  marks  will  bo 
near  together.  Assume  then  that  the  sea  continued  to  sink,  stopi)ing 
at  each  even  100  feet  long  enough  to  make  a beach  mark,  until  it 
had  returned  to  its  old  level;  that  a ma]»  of  these  beach  marks  had 
then  been  drawn  and  each  marked  with  the  elevations  at  which  it 
was  made.  Such  a line,  when  drawn  on  a map,  is  called  a contour 
line.  It  is  evidently  a line  of  equal  elevation,  in  this  case,  above 
sea  level,  and  a map  showing  the  structure  by  contour  lines  is  called 
a structure  contour  map.  The  elevation  of  any  point  on  one  of  the 
contour  lines  is,  of  course,  shown  by  the  designation  of  that  con- 
tour line,  but  it  is  also  evident  tlnat  if  the  slope  between  a.ny  two 
adjacent  contour  lines  be,  or  be  assumed  to  be,  even,  ihe  elevation 
of  any  intermediate  point  can  at  once  be  determined  with  close 
apxu'oximation.  Thus,  if  a ]tarticular  point  on  a map  comes  half 
way  between  1,201)  and  1. 300-foot  contours,  its  elevation  may  be  as- 
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sumed  to  be  very  close  to  1,2.50  feet.  If  it  be  one-fourth  the  distance 
from  the  1,200-foot  to  the  1,300-foot  contour,  its  elevation  is  close  to 
1,225  feet,  and  so  on. 

So  that  if  a map  be  made  showing  by  20-foot  contours  the  structure 
of  the  surface  at  the  bottom  of  the  Pittsburg  coal,  an  engineer, 
by  turning  to  such  map,  can  see  at  a glance  the  elevation  above  sea 
level  of  the  Pittsburg  coal  to  within  20  feet,  and  usually  within  5 
feet,  either  at  the  point  at  which  he  is  standing  or  at  any  other 
point  on  the  map  about  which  he  is  interested,  even  though  the 
coal  at  that  point  be  hundreds  of  feet  under  ground.  If,  further, 
the  map  shows  by  contours  the  elevation  of  the  surface  of  the  land 
at  that  point,  by  subtracting  the  one  from  tlie  other,  he  may  obtain 
the  depth  below  tlie  surface  of  the  bottom  of  the  coal  and  will  know 
at  once  how  far  he  must  drill  or  sink  the  shaft  in  order  to  reach 
the  coal. 

Methods  of  Determining  Structure.  In  determining  the  structure, 
two  general  methods  have  been  used.  The  first  method  is,  briefly, 
to  plot  on  the  map  all  of  the  elevations  of  the  selected  surface  it  is 
]»ossible  to  obtain,  and  then  to  connect  them  with  lines  of  equal 
elevation.  Thus,  supjiose  that  a map  is  being  made  in  the  Pitts-  * 
burg  coal  field  and  the  bottom  of  the  Pittsburg  coal  has  been  selected 
as  the  surface  to  be  contoured.  If  there  be  any  mines  on  that  coal 
in  the  area,  copies  of  the  elevation  of  the  coal  would  be  made  from 
the  mine  maps  of  the  companies.  These  would  then  be  reduced 
l»y  ])hotography  to  the  scale  of  the  held  map  and  the  elevations 
transferred  to  the  field  map.  Then  there  would  be  added  to  the  map 
the  elevations  of  the  bottom  of  the  coal  at  every  point  where  it  could 
be  found  in  outcrop,  as  at  small  mines  or  “country  banks,”  pros- 
]>ects  or  exposures  in  road,  railroad  or  stream  cuttings,  or  when 
seen  as  black  smut  marks  across  the  roads.  If  any  drilling  has 
been  done  to  prove  the  coal,  or  if  there  are  oil  or  gas  wells  in  the 
area  which  pierce  the  coal  and  the  records  of  which  give  the  depth 
of  the  coal,  the  elevations  so  olitained  are  added.  When  necessary, 
the  elevations  of  the  tops  of  the  wells  are  .determined  in  the  field. 
Then  having  determined  the  elevation  at  the  surface  of  other  coals, 
limestones,  sandstones  or  oilier  rocks  that  outcrop,  and  knowing, 
or  finding  from  a study  of  the  stratigraphy,  the  distance  from  the 
Pittsburg  coal  up  or  down  to  the  outcropping  bed  by  adding  or 
subtracting,  as  necessary,  a great  number  of  additional  elevations 
on  the  coal  may  be  obtained,  until  finally  the  field  sheet  of  a single 
quadrangle  may  contain  many  hundreds  of  elevations  on  a single 
horizon.  Then  lines  are  drawn  between  points  of  equal  elevation, 
the  lines  passing  through  or  to  one  side  or  the  other  of  any  eleva- 
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tiou  as  the  elevation  is  just  at,  above,  or  below  the  elevation  of  the 
line  being  drawn. 

In  this  case,  the  reliability  and  accuracy  of  the  linal  result  will 
depend  upon  two  things:  The  abundance  and  uniform  distribution 
of  the  elevations  and  the  accuracy  with  which  the  individual  eleva- 
tions are  determined.  In  the  field  the  elevations  are  determined 
by  the  barometer,  by  the  hand  level  or  by  the  spirit  level,  or  stadia. 
In  all  cases  the  measurements  are  checked  on  or  measured  from 
bench  levels  instrumentally  determined  in  the  making  of  the  topo- 
graphic map.  Experience  has  shown  that  where  fre(iuenily  checked 
on  bench  marks,  as  in  western  Pennsylvania,  barometric  determina- 
tions will  be  correct  within  .50  feet,  though  the  limit  of  error  is 
hardly  less  than  that.  With  the  hand  level  the  limit  of  error  should 
not  be  more  than  5 or  10  feet,  while  with  the  spirit  level,  or  .stadia, 
the  limit  of  error  should  be  well  within  5 feet,  and  generally  within 
1 foot.  The  liabilitj’  of  being  mi.staken  in  the  identification  of  the 
bed  itself  or  of  some  other  bed  from  which  its  elevation  may  be 
computed,  is  a constant  j)0ssible  source  of  error,  as  is  also  the 
constant  possibility  that  the  interval  from  an  outcropping  rock  to 
the  surface  to  be  contoured  may  have  changed  from  what  it  is  at 
the  neare.st  point  at  which  this  interval  could  be  measured.  This 
method,  using  in  the  main  the  sj)irit  level,  has  been  applied  in  the 
Burgettstown,  Claysville,  Carnegie,  Sewickley  and  Clarion  quad- 
rangles. 

In  the  second  method,  vertical  cross  sections  are  drawn  to  scale 
so  as  to  make  a complete  network  all  over  the  quadrangle.  Ideally, 
every  square  mile  should  be  crossed  by  one  or  more  of  these  cross 
sections.  These  cross  .sections  are  drawn  so  as  to  follow  in  a gen- 
eral way  routes  taken  in  the  field  study  of  the  geology,  such  as  the 
roads,  railroads,  .streams,  hill  slojtes,  etc.  In  making  the  field  study 
of  the  geology,  the  geologist  draws  in  his  note  book  a large  scale 
])rofile  of  the  ground  as  he  passes  over  it,  and  on  this  he  rej)resents 
graphically  and  with  abundant  notes  every  particle  of  geological 
data  he  can  obtain  along  the  line  he  is  traveling,  not  only  actual 
exposures  of  the  rocks,  coals,  mines,  wells,  etc.,  but  everything  about 
the  soil  or  debris  which  may  contain  any  clue  to  the  character  of 
the  i*ock  below.  All  of  these  data  are  placed  on  his  profile  at  the 
pro])er  elevation  as  determined  by  the  barometer,  hand  level  or  spirit 
level.  In  the  office  the  data  are  transferred  from  the  field  note  book 
to  the  carefully  drawn  cross  .sections,  the  elevations  being  carefully 
corrected  for  any  errors  in  the  barometric  readings  where  such  can 
be  detected.  If  the  .surface  data  are  at  all  clear,  it  is  usually  then 
not  difficult  to  draw  what  corresponds  to  the  inter.section  of  the 
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plane  with  the  horizon  which  it  is  desired  to  contour.  The  cross 
section  paper  used  has  horizontal  lines,  or  they  may  be  drawn  to 
represent  the  vertical  intervals  at  which  the  contours  are  to  be 
drawn  on  the  map.  Where  these  horizontal  lines  cross  the  line 
reiiresenting  the  position  of  the  bottom  of  the  Pittsburg  coal  on  the 
cross  section,  if  that  be  the  surface  being  contoured,  or  where  the 
corresponding  contour  lines  are  going  to  cross  the  line  of  the  cross 
section  on  the  mail,  these  points  of  intersection  are  drawn  on  the 
map  and  then  connected  together  to  form  the  contour  map.  In  this 
method  use  is  made  of  the  levels  from  mine  maps,  drillings,  etc., 
but  all  of  the  other  data  is  taken  into  account  as  well.  With  a simi- 
lar mode  of  obtaining  elevations  this  method  is  much  more  accurate 
lhan  the  preceding.  This  is  particularly  true  in  the  regions  in  which 
Ihe  outcropping  rocks  are  mainly  or  entirely  of  Allegheny  or  Lower 
Conemaugli  age,  as  in  most  of  the  Barnesboro,  Patton,  Punxsutaw- 
ney,  Curwensville  and  Houtzdale  (|uadrangles,  and  large  areas  in 
some  of  the  other  quadrangles,  where  there  is  an  entire  lack  of  any 
rock  that  would  serve  as  a kej  rock  and  where,  in  fact,  the  strati- 
graphic position  of  none  of  the  coals,  limestones,  shales  or  sand- 
stones can  be  determined  by  an  examination  of  the  rock  stratum 
itself.  Under  these  conditions,  with  the  second  method  it  is  possible 
to  carry  the  structure  over  large  areas  within  which  it  is  not  pos- 
sible to  recognize  the  stratigraphic  position  of  any  outcropping 
rock. 

If  Figs.  G and  7 be  examined  it  will  be  evident  that  in  a region 
in  wdiich  such  rocks  are  the  outcropping  rocks,  and  where  almost 
none  of  the  outcrops  are  in  uuweathered  exposures,  even  the  second 
method  may  yield  only  uncertain  results.  Over  large  areas  in  the 
((uadraugles  mentioned  in  the  preceding  paragraph  just  such  con- 
ditions exist.  Generally  the  presence  of  the  sandstones  has  to  be 
assumed  from  the  scattering  sandstone  fragments  on  the  surface. 
Often,  where  the  land  is  all  under  cultivation  the  existence  of  stone 
fences  or  of  small  stone  piles  in  tbe  fence  corners  has  been  the  best 
evidence  olttainable  of  the  presence  and  position  of  a sandstone. 
In  certain  places  some  sandstone  has  been  locally  more  resistant 
than  those  above  or  below  it,  and  its  top  can  be  traced  around  the 
hill  slope  by  following  the  top  of  the  scattered  boulders  that  have 
been  derived  from  it  by  weathering.  The  sections  in  Figs.  6 and  7 
are  fairly  typical  of  the  variations  in  the  rocks  of  the  Lower  Cone- 
niaugh,  and  it  will  be  noted  that  the  distance  from  the  top  of  what 
appears  to  be  the  same  sandstone  in  adjacent  sections  down  to  the 
Upper  Freeport  coal  varies  so  greatly  that  even  though  the  top  of 
such  sandstone  be  traced  for  several  miles  it  is  not  sure  how  closely 
the  underlying  surface  to  be  contoui’ed  will  follow  the  same  levels. 
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Some  of  the  difficulties  of  working  out  the  structure  are  thus  prac- 
tically stated  so  that  too  much  confidence  may  not  be  placed  in 
the  structure  as  shown.  Tn  general,  the  contour  interval  has  been 
so  chosen  that  the  limit  of  erroi-  will  not  be  greater  than  the  contour 
inteiwal.  It  is  true  that  in  many  of  the  quadrangles  over  considera- 
ble areas  the  limit  of  error  is  well  within  the  contour  interval,  but 
again,  on  the  same  quadrangles  there  may  be  areas  in  which  the 
limit  of  error  is  much  greater.  In  the  latter  cases  it  is  usually 
planned  to  make  the  contour  lines  broken  or  dotted. 

In  contouring  on  an  oil  or  gas  sand,  if  the  contouring  is  based 
mainly  on  surface  data,  it  is  usually  necessary  to  take  account  of 
the  fact  that  the  distance  from  any  one  of  the  coal  measure  rocks 
down  to  the  oil  sands  varies  from  point  to  point,  due  to  the  uncon- 
formity described  by  Mr.  Butts.  Thus,  in  going  across  the  quad- 
rangle, the  distance  from  the  Pittsburg  coal  doAvn  to  the  hundred- 
foot  sand  may  increase  several  hundred  feet  or  enough  so  that  where 
the  dip  is  low  the  corresponding  features  iu  the  structure  of  the  hun- 
dred-foot sand  and  the  Pittsburg  coal  may  not  be  vertically  one 
over  the  other,  but  may  be  as  much  as  a fraction  of  a mile  apart. 
In  preparing  maps  on  the  oil  sands,  allowance  has  been  made  for 
this  factor  by  the  construction  of  a “convergence”  sheet.  This  is  a 
drawing  made  on  tracing  cloth  or  paper,  in  which,  in  their  proper 
position,  are  placed  all  tlie  wells  of  which  good  records  e.xist,  and 
in  which  the  distance  from  the  contoured  b.orizon  at  the  surface 
down  to  the  oil-  or  gas-bearing  sand  is  given.  This  distance  is  noted 
at  each  of  these  wells  on  the  ma|).  and  tlien  lines  of  equal  distance 
are  drawn  (called  isochor  lines)  much  as  a conlour  map  would  be 
drawn.  This  is  then  placed  over  the  structure  nia])  of  the  subsurface 
contoured  horizon,  and  at  each  jjoint  at  which  a definite  elevation 
on  that  surface  is  had  an  amount  as  shown  by  the  isochor  lines  is 
subtracted  to  give  the  elevation  of  the  oil-producing  sand  under 
that  point.  Having  in  that  way  obtained  as  many  elevations  on 
the  oil  sand  as  ha^'e  been  obtained  on  the  key  horizon,  a structure 
contour  map  of  the  oil  sand  may  then  be  constructed.  This  is  ex- 
plained and  illustrated  more  fully  in  Bulletin  318. 

The  Structure  as  Represented.  The  most  valuable  part  of  this  re- 
port is  undoubtedly  the  accompanying  map,  on  which  is  brought 
together,  not  only  the  distribution  of  the  oil,  gas  and  principal  coals 
— in  which  respect  it  is  but  a revision  of  ma]>s  previously  juib- 
lished — but  for  the  first  time  the  structure  represented  by  contours 
is  shown  over  a large  part  of  southwestern  rennsylvania.  Of  tlie 
structure  here  shown,  that  of  the  New  Castle,  Sewicklev,  Punxsu- 
tawney,  Carnegie,  Curwensville,  Iloutzdale,  Barnesboro,  Patton  and 
Johnstown  quadrangles  has  not  before  been  [)nblished.  The  struct- 
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lire  on  many  of  these  sheets  is  provisional  and  subject  to  change 
before  final  publication.  Probably  never  before  has  the  detailed 
structure  of  so  large  an  area  been  accurately  represented,  certainly 
not  in  this  country.  It  therefore  represents  an  opportunity  for  the 
study  of  the  folding  of  the  earth’s  surface  under  the  conditions 
here  existing  that  it  is  hoped  may  be  taken  advantage  of  in  the 
future. 

In  drawing  the  structure  of  the  large  map,  the  Pittsburg  coal  was 
chosen  as  the  horizon  to  be  contoured  rather  than  one  of  the  lower 
and  more  widespread  horizons,  because  a lower  horizon  would  go 
below  sea  level  in  the  southwest  corner  of  the  State — a condition 
that  when  represented  is  always  apt  to  be  misleading.  In  preparing 
the  map  the  structure  maps  as  published  or  prepared  were  photog- 
raphically reduced  to  the  scale  of  the  neiv  map  and  the  structure 
transferred.  In  several  of  the  quadrangles  the  structure  as  origi- 
nally drawn  on  the  maps  was  on  the  base  of  the  Pittsburg  bed.  In 
these  cases  the  structure  was  transferred  without  change.  In  other 
quadrangles  various  horizons  have  been  used  to  contour  on.  The 
'Washington  limestone,  Ames  limestone,  the  Upper  Freeport  coal, 
the  Middle  Kittanning  coal,  the  Lower  Kittanning  coal,  have  all  been 
used.  In  these  cases  the  distance  was  computed  from  the  Pittsburg 
coal  up  or  down  to  the  layer  actually  contoured  on  in  any  case. 
Usually  The  figures  were  taken  in  round  numbers,  as  300  feet  below 
the  Pittsburg  coal  to  the  Ames  limestone;  GOO  feet  from  the  Pitts- 
burg coal  to  the  Upper  Freeport  coal,  increasing  to  750  feet  at  the 
east.  To  the  Lower  Fi-eeport  coal  50  feet  additional  were  added, 
and  to  the  Lower  Kittanning  200  feet  additional.  By  knowing 
the  intervals  from  one  coal  lo  another  in  any  of  the  quadrangles 
and  the  assumed  interval  from  the  Pittsburg  bed  to  one  of  the  coals 
in  each  quadrangle,  tlie  approximate  elevation  of  any  coal  in  the 
area  may  be  computed  from  the  map.  Thus  in  the  Punxsutawney 
quadrangle  the  interval  from  the  Pittsburg  coal  to  the  Upper  Free- 
]K>rt  coal  was  assumed  to  be  700  feet.  Therefore  by  subtracting  700 
feet  from  the  contours  as  drawn  the  actual  elevation  of  the  Upper 
Freeport  coal  at  any  point  may  be  obtained.  By  subtracting  40  feet 
more,  the  elevation  of  the  Lower  Freeport  can  be  obtained.  Thus 
at  Punxsutawney  the  Pittsburg  coal  is  reiiresented  as  theoretically 
1,850  feet  above  sea  level;  740  feet  from  that  leaves  1,110  as  the 
actual  elevation  of  the  Lower  Freeport  coal  under  Punxsutawney. 
Had  the  elevation  of  the  “B”  coal  been  desired,  we  should  have  added 
200  feet  to  the  700,  instead  of  40,  or,  subtracting  900  from  1,850 
gives  950  feet  above  sea  level  as  the  actual  elevation  of  the  “B” 
coal  at  Punxsutawney. 
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The  following  table  iiill  therefore  enable  anyone  to  compute  the 
actual  elevation  of  the  stratum  in  each  quadrangle  that  has  been 
used  to  contour  on,  and  by  using  the  intervals  as  given  in  the  table 
of  coals  or  the  local  descriptions,  the  approximate  elevation  of  any 
other  coal  or  stratum  may  be  computed : 

TABLE  GIVING  STRATUM  UPON  WHICH  CONTOURS  HAVE  BEEN 
DRAWN  IN  THE  FIELD  NOTES  OR  DETAILED  PUBLICATIONS,  AND 
THE  ASSUMED  DISTANCE  FROM  THE  PITTSBURG  COAL  TO  THAT 
STRATUM. 

Feet. 


Newcastle  quadrangle,  Middle  Kittanning — 700 

Beaver  quadrangle.  Upper  Freeport  coal — 550 

(Ames  limestone) — 260 

Sewickiey  quadrangle,  Ames  liBiestone — 260 

Burgettstown  quadrangle,  Pittsburg  coal 0 

Carnegie  quadrangle,  Pittsburg  coal,  0 

Claysville  quadrangle,  Upper  Washington  iimestone +570 

Amity  quadrangle,  Pittsburg  coal,  0 

Brownsville  and  Connellsville  quadrangles,  Pittsburg  coal 0 

Rogersville  quadrangle,  Pittsburg  coal,  0 

Waynesburg  quadrangle,  Pittsburg  coal 0 

Masontown-Uniontown  quadrangles,  Pittsburg  coal 0 

Clarion  quadrangle.  Lower  Kittanning  coal,  — 800 

Kittanning  and  Rural  Valley  quadrangles,  Vanport  limestone — 850 

Elders  Ridge  quadrangle.  Upper  Freeport  coal,  — 700 

Latrobe  quadrangle,  Pittsburg  coai 0 

Indiana  quadrangle.  Upper  Freeport  coal,  —700 

Punxsutawney  quadrangle.  Upper  Freeport  coal,  — 700 

Curwensville  and  Houtzdale  quadrangles.  Lower  Freeport  coal — 750 

Barnesboro-Patton  quadrangle.  Lower  Freeport  coal,  — 750 

Johnstowm  quadrangle.  Lower  Kittanning  coal — 850 

Ebensburg  quadrangle.  Upper  Freeport  coal — 750 


In  the  above  table  the  minus  sign  indicates  that  the  amount  given 
should  be  subtracted  from  the  elevations  given  on  the  contour  map; 
the  plus  sign  indicates  that  the  amount  should  be  added. 

Without  discussing  the  structural  details,  certain  general  features 
are  readily  apparent  and  need  only  be  referred  to. 

First,  there  is  the  general  northeast-southeast  trend  of  the  folds. 
While  not  nearly  so  straight  as  they  have  frecjuently  been  re])re- 
sented,  nevertheless,  taking  large  distances,  the  folds  in  this  ]>art 
of  the  State  tend  to  have  axes  running  about  N.  30°  E.  On  tlie 
soulh  line  of  the  State  The  trend  is  more  nearly  north,  ruuuing 
from  N.  20°  E.  to  N.  2o°  E.  Toward  the  northern  part  of  the  map 
there  is  marked  bending  to  the  eastward,  until  in  Ihe  northeast 
corner  of  the  area  mapped  the  axes  liave  directions  of  from  'N'.  35° 
E.  to  N.  60°  E,  Had  the  map  therefore  been  continued  farther  to 
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the  north  and  east,  the  general  trend  would  have  been  more  to  the 
east,  possibly  as  high  as  N.  45°  E. 

In  the  second  iilace  there  is  noted  a marked  change  from  the  closely 
folded  anticlines  and  synciines  of  the  southeast  to  the  open  gentle 
folds  of  the  northwest,  until  to  the  northwest  of  Pittsburg  the 
structure  is  little  more  than  an  irregular,  very  gentle  slope  in 
which  some  parts  project  very  slightly  beyond  adjacent  j)arts.  So 
gentle  is  much  of  the  structure  at  the  northeast  that,  except  for 
the  spirit-leveled  elevations  to  which  it  was  everywhere  referred, 
it  would  hardly  have  been  possible  to  have  detected  any  variations 
at  all  from  a uniform  slope,  and  the  structure  might  have  been  drawn 
ill  witli  a ruler  ; and  yet  the  work  in  oil  and  gas  has  shown  that  in 
many  cases  even  these  slight  irregularities  in  the  slope  seem  to  have 
had  a marked  effect  on  the  position  of  the  oil  and  gas  pools. 

In  the  iliird  place  it  Avill  be  noted  that  the  folds  are,  as  it  ivere, 
Imt  Avrinkles  on  the  surface  of  a broad  syncline,  of  which  the  axis 
runs  southwest  and  northeast  through  Pittsburg.  South  of  Ifftts- 
biirg  this  axis  coincides  with  the  axis  on  the  Xinevah  svncline  and 
farther  north  lAuth  the  axis  of  the  Fairmount  syncline.  Thus  at  the 
southeast  the  position  of  the  Pittsburg  coal  is  theoretically  on 
the  Dulauy  anticline,  4,200  feet  above  sea  level;  on  the  Fayette 
anticline  1,S00  feet  aboi’e  sea  level ; on  the  Belle  Vernon  anticline 
1,050  feet  above  sea  level;  on  the  Amity  anticline,  the  same,  and 
in  the  Xinevah  syncline  it  gets  doAvn  to  less  than  100  feet  above  sea 
level.  This  is  possibly  even  better  brought  out  by  a line  through 
Indiana.  Thus  starting  10,000  feet  above  sea  level  in  the  southeast 
corner  of  the  Ebensburg  quadrangle,  the  Pittsburg  coal  even  in  the 
I’avia  syncline  does  not  get  below  4,200  feet  above  sea  level ; in  the 
deep  VTlmore  basin  to  the  nortlnvest  it  gets  doivn  to  1,700  feet;  west 
of  that  it  keeps  above  this  elevation  until  the  Laurel  Hill  axis  is 
crossed  ivhere  it  has  a maximum  elevation  of  3,900  feet  above  tide, 
though  to  only  2,800  feet  in  the  line  being  followed.  From  the 
Laiu’el  Hill  anticline  to  Indiana  the  synclines  carry  the  coal  beloiv 
2,000  feet,  and  the  anticlines  raise  it  above  2,500  feet.  The  Latrobe 
syncline  carries  the  coal  doAvn  to  1,700  feet  at  Indiana  and  still 
lower  farther  south.  The  Elders  Kidge  syncline  carries  it  doivn  to 
1,500  feet  and  down  to  1,110  feet  farfher  south.  The  Greenville  anti- 
cline can  only  raise  it  to  1,600  feet  in  the  line  here  followed,  though 
nearlv  2,300  feet  farther  north,  Avhile  in  the  Fairmount  syncline  the 
Pittsburg  coal  south  of  Kittanning  is  only  1,550  feet  above  tide. 

In  the  fonrfh  place  it  is  to  be  noted  that  in  tlie  center  of  the 
major  synclinal  axis  there  is  a general  rise  of  the  structure  in  the 
direction  of  the  axes  of  folding  to  the  northeast.  Thus  in  the  axis 
of  the  major  syncline  it  will  be  noted  that  in  the  southwest  corner 
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of  the  State  the  Pittsburg  coal  is  almost  down  to  sea  level — locally 
within  100  feet  of  it.  Going  toward  Pittsburg  the  strata  iu  the 
center  of  the  basin  rise  as  in  climbing  toward  the  point  of  a spoon 
until  at  Pittsburg  the  coal  of  that  name  is  1,000  feet  above  sea 
level.  Going  northeastwards  the  same  rise  continues  until  in  the 
Clarion  quadrangle  iu  the  loiver  j)art  of  the  major  basin,  the  Pitts 
burg  coal  is  theoretical  1}^  over  2,000  feet  above  sea  le\el.  If  the 
Unioiitowu  syncline  be  followed  it  will  be  found  near  Uniontown  to 
bring  the  Pittsburg  coal  down  to  550  feet  above  tide.  At  Latrobe 
the  coal  is  not  below  700  feet;  at  Blairsville  about  1,000  feet;  at 
Indiana  it  is  1,700  feet  above  tide.  This  tendency  to  rise  to  the 
northeast  does  not  continue  southeast  of  the  Chestnut  Ridge,  and 
in  many  parts  of  that  area  may  be  reversed.  Thus  iu  the  Uniontown 
quadrangle  the  position  of  the  Pittsburg  coal  on  Chestnut  Ridge  is 
about  4,000  feet;  east  of  Latrobe  less  than  .3,500  feet;  east  of  Indiana 
only  2,500  feet,  and  but  little  higher  east  of  Ibmxsutawney. 

In  the  first  syncline  east  of  Chestnut  Ridge  the  Pittsburg  coal 
is  theoretically  above  2,100  feet  on  the  Uniontown  sheet.  East  of 
Indiana  it  is  down  to  1,000  feet,  but  on  the  Curwensville  sheet  it 
ranges  between  2,000  and  2,350  feet,  so  that  the  theoretical  strike 
follows  the  axis  of  the  folds.  The  laiurel  Hill  anticline  east  of 
the  west  edge  of  the  Johnstown  quadrangle  has  raised  the  Pittsburg 
coal  theoretically  to  3,900  feet ; in  the  northern  part  of  the  (pmd- 
rangle  it  is  down  to  2,800  feet  and  at  Coalport  to  2,400  feet;  east- 
ward on  the  Houtzdaie  quadrangle  it  rises  to  2,900  feet  again.  In 
the  Johnstown  syncline,  and  in  the  Bradley,  IMud  Lick  and  Ilourzdale 
synclines  the  coal  keeps  not  far  from  2,000  feet. 

Fifth,  it  emphasizes  as  has  never  been  done  before  the  undulat- 
ing character  of  the  folds  in  the  direction  of  the  axes.  No  such 
even-crested  anticlines  or  evoi-bottonied  troughs  or  s^ynclines  as 
liave  usuallj"  been  pictured  have  been  found  to  exist  in  the  area 
covered  by  the  map.  Instead  the  synclines  appear  to  be  a series 
of  elongated  or  oval  or  spoon-shaped  basins  separated  by  relatively 
high  divides  or  buckles;  and  the  anticlines  consist  of  elongated  or 
oval  domes  or  crests  separated  by  low  “sags”  as  they  may  be  called. 
A study  of  the  relative  position  of  these  basins  and  crests 
brings  out  some  interesting  points.  Iu  the  Ilniontov/n-Connellsville 
quadrangles  the  basins  and  crests  are  set  in  alternate  arrangement, 
while  iu  Cambria  county  they  are  opposite.  Thus,  for  example,  the 
Uniontown  basin  is  not  opjiosite  the  highest  part  of  the  crests  of 
the  adjoining  anticlines,  but  0}>posite  the  sags  of  (hose  auticliues, 
and  vice  versa.  In  Cambria  county,  on  the  other  hand,  it  will  be 
noted  that  the  highest  part  of  the  Ebensburg  anticline  is  almost 
exactly  between  the  lowest  ]iarts  of  the  Wilmore  and  Johnstown 
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basins  adjoining  it  on  either  side.  This  is  even  more  strikingly 
shown  in  the  Latrobe  quadrangle  where  domes  in  Fayette  and  Chest- 
nut ridges  and  basins  in  the  Greensburg  and  Latrobe  synclines  all 
fall  in  a line  nearly  normal  to  the  strike.  The  same  thing  is  true  in 
the  Elders  Eidge  quadrangle,  of  the  domes  and  basins  in  the  Roar- 
ing Run  anticline,  Elders  Ridge  syncline  and  Jacksonville  anti- 
cline. On  the  whole  the  ofiposite  arrangement  appears  to  be  more 
common  than  the  alternative,  though  not  enough  so  as  to  be  made 
the  basis  of  a theory  in  the  matter.  In  the  case  of  the  Latrobe 
quadrangle  a line  lying  nearly  normal  to  the  structure  through  the 
Iioints  of  maximum  folding  south  and  west  of  Latrobe,  from  the 
southeast  corner  of  the  quadrangle  to  the  Greensburg  syncline, 
would  cross  contour  lines  to  the  extent  of  5,400  feet;  one  through 
the  maximum  folding  south  of  Blairsville  would  cross  5,150  feet, 
while  through  the  nodes  between,  a line  would  cross  only  4,150  feet. 
Other  cases  are  even  more  striking.  A nearly  east  and  west  line 
a little  north  of  Johnstown  in  crossing  from  the  Wilmore  syncline 
1o  the  Laurel  Hill  anticline,  would  climb  up  2,950  feet  and  down 
750  feet  or  a total  of  3,700.  A parallel  line  through  Ebensburg 
would  climb  up  900  feet  and  down  not  at  all,  making  a total  of  900 
feet. 

llnfortunately  the  areas  not  yet  mapped  prevent  carrying  this 
study  out  broadly.  It  should  be  noted,  however,  that  in  the  cases 
cited  that  the  lines  passing  over  the  greater  amounts  of  ascent  and 
descent  in  ihe  structure  are  not  proportionately  longer  than 
the  oilier  lines.  The  difference  is  made  up  in  the  difference  in  the 
steepness  of  the  structural  slope.  Now  it  is  a well  known 
fact  that  a highly  convex  arch  is  longer  than  a lower  arch  of  the 
same  span.  It  would  therefore  appear  that  along  certain  lines 
transverse  to  the  folding  any  selected  rock  stratum'  as  folded  is 
longer  across  the  areas  of  maximum  folding  than  the  same  rock  is 
along  other  selected  lines  or  what  might  be  called  nodal  lines  as 
they  })ass  through  the  nodes  of  these  undulating  axes.  This 
difference  is  probably  not  large.  Calculation  of  the  length  of  the 
TT])j)er  Free]iort  coal  over  the  Chestnut  Ridge  anticline  on  a 
line  southeast  from  Punxsutawney,  as  compared  to  the  cord  of  the 
same  ai'cli,  showed  a difference  of  less  than  5 feet,  notwithstand- 
ing the  rise  of  the  arch  at  the  center  is  750  feet  above  the  cord. 
The  calculations  in  question  seem  to  show  that  the  shortening  of 
the  rocks  due  to  folding  in  a line  passing  from  the  Allegheny  Front 
northwestward  through  Punxsutawney  was  much  smaller  than  would 
have  been  anticipated — not  over  30  feet.  Further  south  where  the 
folding  is  more  intense  it  ■svoukl  be  much  more.  Time  does  not 
permit  the  following  of  the  subject  further  at  this  time,  as  the 
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whole  subject  of  the  mechanics  of  mountain-making  soon  become  in- 
volved. 

Another  question  is  raised  by  observing  these  nodal  lines  and 
lines  of  maximum  folding.  Plave  there  been  axes  of  cross-folding 
action?  This  too  will  be  passed  by  at  this  time.  It  is  probable 
that  the  completion  of  the  structure  of  Somerset  county  and  of 
the  breaks  existing  within  the  area  already  enclosed  will  be 
necessary  before  some  of  these  questions  can  be  examined  with  any 
satisfaction. 

Fault  Structure.  On  the  map  of  the  Houtzdale  quadrangle  which 
has  been  displaced  and  set  into  the  lower  part  of  the  map 
there  are  shown  faults  of  sufficient  size  to  noticeably  infiueuce  the 
structure  contours.  The  faults  shown  are  only  a small  part  of 
those  located.  It  must  be  admitted  that  in  many  cases  the  structure 
shown  in  connection  with  these  faults  is  highly  conjectural.  In 
some  cases  the  faults  are  on  the  mine  maps  so  that  the  direction 
and  downthrow  can  be  accurately  determined  within  the  area  of 
the  mine  map.  In  other  cases  the  fault  has  been  mined  up  to  for 
short  distances,  sufficient  to  give  its  direction  but  not  its  extent, 
and  often  not  its  throw.  In  many  cases  information  about  the 
faults  has  been  obtained  entirely  by  report  of  mine  superintendents 
and  others,  and  a few  of  the  faults  have  been  inferred  from  conditions 
observed  at  the  surface.  On  the  other  hand,  many  of  the  faults  can 
be  readily  examined.  As  far  as  seen  by  the  writer,  all  are  of  the 
normal  type.  The  down-throw  varies  from  0 to  200  feet  or  more;  the 
fault-plane  is  usually  nearly  vertical.  Examination  of  the  fault  faces 
shows  that  the  faulting  movements  were  in  a large  measure  hori- 
zontal, the  horizontal  element  probably  exceeding  the  vertical.  The 
west  side  of  the  fault  was  dropped  more  frequently  than  the  opposite 
side,  though  not  enough  so  to  make  a rule.  In  studying  these  faults 
the  writer  has  been  led  to  compare  them  with  other  faults  similarly 
placed  with  reference  to  the  Allegheny  Front  as  found  in  Virginia, 
Kentucky,  Tennessee  and  Alabama.  In  all  cases  the  faults  appear 
close  to  the  Allegheny  Front,  as  though  produced  by  the  structure 
that  uplifts  that  ridge.  In  the  second  place  in  some  of  the  other 
areas  it  is  much  more  pronounced  than  here;  the  faults  instead  of 
being  parallel  to  the  strike  are  partly  normal  to  it,  in  most  cases 
cutting  the  strike  at  an  angle  of  about  45°.  All  of  these  facts 
have  led  the  writer  to  conclude  that  these  faults  are  the  re^ 
suit  of  the  rupturing  of  the  rocks  bj^  the  pressure  which  folded 
the  rocks  of  this  region,  such  rupturing  having  taken  place  in  the 
lines  of  maximum  stress,  which  in  this  case  are  at  nearly  45°  to 
the  direction  in  which  the  pressure  acted.  Fupturing  of  this  kind 
is  seen  in  the  spalling  off  of  the  angles  of  a block  of  building 
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stone  nuclei'  great  pressure  or  in  tlie  breaking  of  test  blocks  of 
building  stone  in  the  testing  niachine.  That  these  faults  probably 
extend  up  into  the  Allegheny  mountains  in  the  southeast  corner 
of  the  quadrangle  is  a fair  inference,  but  lacking  knowledge  to  that 
effect,  they  are  not  so  represented. 

REVIEW  OF  ECONOMIC  GEOLOGY  OP  SOUTHWESTERN  PENNSYL- 
VANIA. 

The  pi'incipal  economic  ]»rodncts  of  the  region  which  has  been 
covered  by  recent  geologic  ivork  are  coal,  clay  and  shale  and  their 
products,  sandstone  and  limestone,  their  importance  being  in  the 
order  named.  Under  this  heading  little  more  than  the  briefest 
sort  of  an  abstract  of  the  published  re])orts  will  be  given.  For 
more  details  reference  should  be  made  to  the  reports  on  the  various 
subjects  for  the  area  desired,  which  can  be  obtained  from  the  chapter 
on  bibliography.  Somewhat  more  space  is  given  to  describing  these 
resources  in  the  quadrangles  that  have  not  been  finally  published 
ni>on  Ilian  in  the  others.  These  resources  will  be  considered  in  the 
order  of  their  importance. 

COAL. 

General  Statement.  Coal  has  always  been  the  largest  single  min- 
eral resource  of  Pennsylvania.  In  a preliminary  statement  on  the 
coal  production  of  Penn,sylvania  in  1907  the  Division  of  Mineral 
Eesoiirces  of  the  U.  S.  Geological  Survey  states  as  follows  regarding 
coal  in  Pennsylvania: 

‘T'ntil  1002  Pennsylvania  produced  each  year  more  than  half  the 
coal  mined  in  the  United  States,  but  since  then  the  State’s  output 
has  fallen  below  one-half,  by  reason  of  the  great  increase  in  produc- 
tion in  other  states. 

“Pennsylvania  produces  moi’e  coal  lhan  any  other  single  state  or 
country  in  the  v'orld  except  Great  Britain,  having  in  1907  exceeded 
for  the  first  time  the  production  of  Germany.  Pennsylvania’s  pro- 
duction of  coal  exceeds,  in  fact,  the  combined  production  of  all  for- 
eign countries  except  Great  Britain  and  Germany. 

“In  the  jiroduction  of  hi  luminous  coal  alone  Pennsylvania  far 
outranks  any  of  the  other  states,  Ihe  output  in  1907  being  nearly 
three  times  tliat  of  Illinois,  which  was  the  second  coal-producing 
state,  and  exceeding  the  combined  production  of  Illinois,  West  Vir- 
ginia, Ohio  and  Alabama — 145,801,003  short  tons.  One  county  in 
the  State  (Cambria)  showed  an  increase  of  over  4,000,000  tons,  and 
tlrree  otliers  (Clearfield,  Fayette  and  Indiana)  each  increased  more 
than  2,000,000  tons.  Four  counties  (Allegheny,  Somerset,  Washing- 
ton and  Westmoreland)  showed  increases  of  more  than  1,000,000  tons 
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each.  Only  one  county  (Lawrence)  showed  a decrease  in  production, 
and  this  loss  was  comparatively  insignificant.  The  combined  pro- 
duction of  Fayette  and  Westmoreland  counties,  in  which  is  located 
the  famous  Counellsville  coking  district,  was  over  58,000,000  tons, 
an  amount  larger  by  7,000,000  tons  than  the  total  output  of  Illinois. 
Fayette  county  produced  a little  over  29,000,000  tons  and  West- 
moreland county  a little  less  than  that  quantity. 

“Mr.  M.  R.  Campbell,  of  the  United  States  Geological  Survey,  e.sti- 
niates  the  amount  of  coal  originally  in  the  anthracite  fields  of 
Pennsylvania  at  21,000,000,000  short  tons  and  that  in  the  bituminous 
fields  at  112,574,000,000  short  tons.  It  is  said  that,  by  the  methods 
of  mining  anthracite  coal  in  former  years,  for  every  ton  of  coal 
mined  and  marketed  IJ  tons  were  either  wasted  or  left  in  the  ground 
as  pillars  for  the  protection  of  the  workings,  so  that  the  actual  yield 
of  the  beds  was  only  40  ]>er  cent,  of  the  contents.  This  percentage 
of  waste  has  now  been  materially  reduced,  but  the  exhaustion  to 
the  close  of  1907  has  probably  amounted  to  about  double  the  produc- 
tion, or  4,000,000,000  short  tons.  This  would  leave  still  in  the 
ground  approximately  17,000,000,000  tons,  which  would  be  capable 
of  yielding,  at  the  ratg  of  1 ton  of  coal  lost  for  each  ton  mined, 

8.500.000. 000  tons,  or  approximately  100  times  the  quantity  of  an- 
thracite produced  in  1907. 

“If  we  estimate  for  the  bituminous  production  1 ton  of  coal  lost 
for  every  2 tons  mined,  the  exhaustion  to  the  close  of  1907  has  been 

2.760.000. 000  tons,  which  would  leave  still  in  the  ground  in  Penn- 
sylvania a little  less  than  110,000,000,000  short  tons  of  bituminous 
coal.  The  annual  production  and  consumption  of  coal  will  no  doubt 
continue  to  increase,  but  at  the  rate  of  production  reached  in  1907 
the  available  supply  in  Pennsylvania  would  last  about  490  years. 

“Among  the  incomputable  elements  of  the  problems  of  the  future 
of  coal  mining  are  the  extent  of  the  possible  utilization  of  natural 
forces  for  power  production  and  storage — such  as  wind,  waves  and 
waterfalls,  and  the  sun’s  rays — and  the  cost  of  these  as  compared 
with  that  of  coal.  It  is  evident,  however,  that  even  if  there  shall 
be  a greatly  increased  rate  of  production  and  consumption  the  Penn- 
sylvania coal  mining  industry  will  form  a prominent  factor  in  the 
country’s  mineral  production  for  many  years. 

“In  1907  the  total  production  was  235,925,749  short  tons,  having  a 
spot  value  of  1319,421,826.  The  production  of  anthracite  was  76,- 
432,421  long  tons  (equivalent  to  85,604,312  short  tons),  having  a spot 
value  of  1163,584,056.  The  production  of  bituminous  coal  was  150,- 
321,437  short  tons,  having  a spot  value  of  |155, 837,770. 

“Compared  with  the  aggregate  production  of  1906,  which  amounted 
to  200,575,617  short  tons,  valued  at  1262,208,345,  the  output  in  1907 
15 
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exhibivs  an  increase  of  35,350,132  short  tons,  or  17.6  per  cent.,  in 
quantity,  and  of  $57,213,481,  or  21.8  per  cent.,  in  value.  The  increase 
in  the  production  of  anthracite  coal  was  12,787,412  long  tons  (equiva- 
lent to  14,321,901  short  tons),  or  20.1  per  cent.,  in  ([uantity,  and 
$31,666,362,  or  24  per  cent.,  in  value.  In  the  production  of  bitumi- 
nous coal  the  increase  Avas  21,028,231  short  tons,  or  16.26  per  cent., 
in  quantity,  and  $25,547,119,  or  19.61  x>er  cent.,  in  value. 

‘'The  prices  of  both  antliracite  and  bituminous  coal  in  Pennsyl- 
vania were  higher  in  1907  than  in  1906.  The  average  price  of  an- 
thracite was  $2.35  per  ton,  an  increase  of  5 cents;  the  average  price 
of  bituminous  Avas  $1.04  per  ton,  an  increase  of  4 cents.  Although 
the  quantity  of  bituminous  coal  produced  Avas  nearly  tAvice  that  of 
the  anlhracite,  the  hard  coal  repi'esented  greater  value  than  the 
soft. 

“At  i»ractically  all  the  mines  in  the  bituminous  district  of  Penn- 
sylvania there  aatis,  during  the  greater  part  of  the  year,  an  unpre- 
cedented shortage  of  miners  and  other  employes,  as  Avell  as  a marked 
shortage  of  railroad  cars.  It  is  belieATd,  hoAVCA’er,  that  even  if  there 
had  been  no  scarcity  of  miners  and  cars  many  of  the  mines  Avould 
have  been  compelled  to  run  on  reduced  time^  ]>articulardy  in  central 
Pennsylvania,  as  the  production  has  increased  so  rapidly  Avithin 
the  last  feAv  .years  that  it  Avould  have  required  an  even  greater  de- 
mand than  existed  in  1907  to  keep  all  the  mines  running  to  their 
full  capacity.  The  increase  of  nearly  35  per  cent,  in  the  production 
of  Cambria  and  Clearfield  counties  and  of  60  per  cent,  in  that  of 
Indiana  county  shoAvs  the  extent  to  Avhich  the  development  in  central 
Pennsylvania,  has  ]>rogressed.  The  scarcity  of  cars  enabled  the  pro- 
ducers to  maintain  prices  during  the  summer  at  the  highest  level 
knoAvn  in  normal  times,  and  the  business  was  undoubtedly  the  most 
profitable  that  Pennsylvania  operators  had  knoAvn  during  a sum- 
mer season.  With  Ihe  monetary  troubles  in  October  the  demand  for 
coal  fell  off  and  prices  naiurally  ‘slumped,’  the  operators  finding  it 
difiicult  to  market  any  but  the  highest  and  best-known  grades.” 

The  subject  of  coal  Avill  be  discussed  under  the  three  headings: 
Quality  of  the  coal,  stratigraphy  of  the  coal  beds,  distribution  and 
local  details. 

Qvality  of  the  Coals.  As  compared  Avith  those  of  the  United  States 
as  a whole,  the  coals  of  Pennsylvania  are  all  of  high  grade;  never- 
theless there  is  a marked  difference  in  the  coals  in  different  parts 
of  the  State.  It  is  now  universally  agreed  that  coal  has  been  de- 
rived from  vegetable  matter.  Such  vegetable  matter  originally  con- 
sisted of  carbon,  hydrogen  and  oxygen,  in  roughly  the  pro])ortion 
of  one-half  carbon  and  one-half  hydrogen  and  oxygen,  the  hydrogen 
and  oxygen  being  approximately  in  the  ratio  of  1 to  8,  or  the  same 
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as  their  ratio  in  water.  Vegetable  matter  therefore  might  seem  to 
be  on  the  face  of  the  analyses  carbon  and  water,  in  the  proportion 
of  1 to  1.  In  just  what  condition  or  combinations  these  elements 
exist  in  cellulose  is  not  known  though  of  course  their  relative  pro- 
portions are  definitely  known.  By  heating  wood  slightly,  not  only 
is  water  driven  off,  but  compounds  of  hydrogen  and  carbon  that 
are  combustible;  in  fact  it  is  assumed  beyond  question,  if  not  actu- 
ally known,  that  cellulose  is  a compound  or  mixture  of  compounds 
of  the  elements  carbon,  hydrogen  and  oxygen,  and  not,  as  might  ap- 
pear, a hydrate  of  carbon.  In  the  same  way  the  methods  used  to 
determine  the  approximate  composition  of  coal  use  heat,  and  by 
destructive  distillation  break  the  coal  up  into : first,  water  vapor ; 
second,  volatile  matter,  partly  combustible  and  partly  water  vapor; 
third,  uncombined  carbon,  and  fourth,  impurities.  The  fact  that 
coal  stored  where  not  subjected  to  heat  will  give  off  volatile  com- 
bustible matter,  or  gas,  and  the  fact  that  repeated  and  varied 
analyses  of  coals  by  destructive  distillation  show  correspondence  in 
results  within  limited  areas,  suggest  quite  strongly  that  the  vola- 
tile matter  of  the  coal  is  in  some  way  an  inherent  part  of  it.  In- 
deed it  is  quite  possible  that  in  the  lower  coals  at  least,  all  of  the 
carbon  may  be  combined  with  the  hydrogen  and  oxygen,  and  that 
it  is  only  through  our  imperfect  methods  of  analysis  that  it  is  left 
and  appears  to  be  uncombined.  On  that  basis  the  coal  is  made  up 
apparently  of  uncombined  or  fixed  carbon,  of  volatile  hydrocarbons 
and  water,  with  impurities.  Though  the  impurities  may  greatly 
affect  the  economic  value  of  the  coal,  the  essential  differences  in 
coals  are  due  to  differences  in  the  proportion  of  the  three  constitu- 
ents just  mentioned. 

A study  of  different  coal  fields  shows  that  coals  constantly  tend 
to  suffer  loss  of  the  volatile  parts  (as  obtained  by  distillation) — the 
hydrocarbons  and  water — and  as  a consequence  the  carbon  left  be- 
hind form  a larger  and  larger  proportion  of  the  coal  remaining. 
This  loss  may  be  rapid,  as  when  the  coal  bed  is  subjected  to  heat 
from  an  intrusion  of  igneous  rock.  Thus  in  many  places  in  the 
Kocky  mountains  the  coal  beds  have  been  converted  into  anthracites 
or  natural  cokes,  due  to  a sheet  of  molten  lava  having  intruded 
itself  into  the  rocks  through  or  near  the  coal  bed.  More  often  this 
loss  is  a very  gradual  one,  being  inappreciable  except  through  long 
geologic  ages.  Further,  it  is  found  that  this  loss  is  accelerated  by 
certain  factors,  the  most  notable  of  which  is  the  folding  of  the  rocks 
in  the  process  of  mountain  making.  Whether  the  change  in  this 
case  is  due  to  the  heat  generated  by  the  friction  of  the  folding  rocks, 
as  has  commonly  been  assumed  in  the  past,  or  whether,  as  argued 
by  Rogers  and  more  recently  by  Campbell,  the  folding  of  the  rocks 
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lias  tended  to  break  tliem  along  inumnerable  minute  planes,  and 
these  breaks  have  allowed  the  escape  of  the  volatile  matter,  is  yet 
a matter  of  question.  Possibly  both  factors  liave  been  potent.  That 
the  coals  and  other  rocks  where  highly  folded  are  also  highly  frac- 
tured is  a matter  of  common  observation.  When  the  folding  and 
probable  heating  become  intense,  the  fractures  are  recemented  with 
l)ractical  loss  of  the  original  structure,  as  is  well  seen  in  anthracite 
coal. 

The  classiflcation  of  coals  in  the  main  is  based  on  the  proportion 
of  the  three  jiaits  given:  fixed  carbon,  volatile  combustible  matter 
and  water.  It  is  generally  assumed  that  there  is  no  fixed  carbon  in 
wood.  present  methods  of  proximate  analysis  an  air-dried  lignite 
may  show  from  20  to  33  per  cent,  of  fixed  carbon,  the  rest,  excepting 
the  im])urities,  being  Avater  and  volatile  hydrocarbons.  In  the  sub- 
bituminous  coals  the  fixed  carbon  Avill  run  from  30  to  50  per  cent, 
of  the  Avhole;  in  bituminous  coals  from  40  to  say  70  per  cent.;  in 
semi-bituminous  from  about  70  to  80;  in  semi-anthracites  from  75 
to  85,  and  in  anthracites  from  SO  ]»er  cent.  upAvard.  For  the  higher 
coals  such  as  those  found  in  Pennsylvania,  the  method  of  classifica- 
tion in  the  past  has  been  on  the  basis  of  the  “fuel  ratio.'’  This  is 
obtained  by  dividing  tlie  fixed  carbon  by  the  volatile  combustible 
matter. 

As  stated,  the  A'olatile  matter  is  carbon,  hydrogen  and  oxygen, 
l^h-oin  the  ])i’actical  standpoint  tliis  acts  as  though  composed  of 
compounds  of  hydrogen  witli  carbon,  and  Avater,  for  the  oxygen  and 
one-eighth  of  its  weight  of  hydrogen  apparently  produce  no  heating 
elfect  in  burning.  That  portion  of  the  volatile  matter  is  therefore 
called  the  “inert  A’olatile  matter.”  In  lignite  more  than  one-half  of 
the  volume  of  the  volatile  matter  may  be  inert;  in  Illinois  coal 
about  40  per  cent,  of  the  Amlatile  matter  is  inert;  in  the  semi-bitumi- 
nous  coals  of  Pennsylvania  not  more  than  one-fourth  or  one-fifth 
of  the  volatile  is  inert.  To  determine  the  inert  portion  of  the  Amla- 
lile,  hoAveA’er,  requires  an  ultimate  analysis.  It  has  therefore  been 
customary  to  detennine  the  fuel  ratio  by  dividing  the  fixed  carbon 
by  the  total  A'olatile  matter  driven  off  after  tlie  coal  has  been  dried 
at  212“  F. 

IMr.  Persifor  Frazer,  Jr.,  who  is  mainly  responsible  for  this  method 
of  classification,  adopted  the  folloAving: 

CLASSIFICATION  OP  PENNSYLVANIA  COALS. 

Fuel  ratio. 


Anthracite 100-12 

Semi-anthracite 12-8 

Semi-bituminous 8-5 

Bituminous,  5-0 


MAP  OF  PENNSYLVANIA,  SHOWING  DISTRIBUTION  OF  COALS  BY  FUEL  RATIOS. 
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It  is  probable  that  present  trade  usage  would  make  semi-aiithra- 
c-ites  from  10  to  0 and  semi-bituminous  from  0 to  1,  or  possibly  o.5. 

An  attemid  has  been  made  on  Plate  X to  indicate  the  distribu- 
tion of  the  various  grades  of  coal  in  Pennsylvania  on  the  basis  of 
the  fuel  ratios.  Examination  of  the  map  shows  the  anthracite  coal 
of  Lackawanna,  Luzerne,  Carbon  and  Schuylkill  counties  to  have 
a fuel  ratio  a\'eraging  over  20,  the  analyses  showing  from  SO  to  SS 
per  cent,  of  fixed  carbon  and  from  3 to  4.5  per  cent,  of  volatile  mat- 
ter. The  western  ends  of  those  helds  tend  to  grade  into  the  semi- 
anthracite class.  In  eastern  Sullivan  is  the  Bernice  held  of  “soft 
anthracite”  or  semi-anthracite,  with  a fuel  ratio  of  0 to  10.  This 
field  contains  coals  that  run  over  SO  per  cent,  of  fixed  carbon  and 
under  9 per  cent,  of  volatile  matter,  83.4  of  fixed  carbon  and  8.10  of 
volatile  being  a typical  example.  On  the  other  hand  most  of  the 
analyses  on  hand  from  the  Bernice  Basin  show  a fuel  radio  of  be- 
tween 3.5  and  0.  Then  comes  the  Broadtop  field  of  Bedford  and 
Huntingdon  counties,  in  which  the  eastern  edge  has  a higher  fuel 
ratio  than  the  western,  and  a strip  along  the  Allegheny  Front,  where 
the  rocks,  if  not  more  folded  than  farther  west,  have  probably  been 
subjected  to  much  greater  stress.  The  rocks  west  of  the  Allegheny 
Front  seem  to  have  served  as  a buttress  against  which  the  rocks 
to  the  east  were  folded,  and  it  is  natural  to  suppose  that  the  face 
of  this  buttress  should  suffer  more  severely  than  the  rocks  farther 
back.  The  folding  is  not  always  more  noticeably  pronounced  close 
behind  the  front,  but  in  Clearfield  county  at  least  mining  has  brought 
out  the  fact  of  extensive  thrust  faulting,  and  all  of  the  coals  near 
the  face  tend  to  be  minutely  dissected  with  fracture  planes,  making 
the  coals  tender  and  soft,  so  that  there  is  found  frotn  Bradford 
county  a strip  running  throuah  Lycoming,  southeast  Clearfield,  east- 
ern Cambria  and  Somerset  (ounties.  where  the  coals  have  a fuel 
ratio  of  from  4 to  5.  At  South  Fork  in  Cambria  county  ilie  fuel 
ratio  runs  close  to  or  quite  to  G.  West  of  that  through  the  same 
counties,  and  extending  over  into  Tioga  and  Clinton,  the  coals  show 
fuel  ratios  of  from  3 to  4.  Coming  between  2 and  3 will  be  found 
the  coals  of  the  Allegheny  or  Lower  Coal  Jdeasures  in  Blair,  Clinton, 
Indiana,  Westmoreland  and  Fayette  counties,  and  j)art  of  the  Pitts- 
burg coal,  though  pnly  that  portion  in  tlie  basin  i!nmediat<^ly  west 
of  Chestnut  Itidge,  where  it  has  been  involved  in  relatively  close 
folding.  It  is  noticeable,  for  examide,  in  Indiana  county  that  whilo 
the  Pittsburg  coal  in  that  coun.ty  will  run  about  l.G,  the  Allegheny 
coals  will  run  from  2.5  to  3.  The  tfonnellsvillc  coking  coal  of  West- 
moreland and  Fayette  counties  will  as  a rule  run  about  2,  sometimes 
reaching  as  high  as  2.5.  As  a rule,  however,  the  Pittsburg  coal  will 
run  between  1.5  and  2.  In  addition  to  the  Pittsburg  coal  most  of 


224 


TOPOGRAPHIC  AND  GEOLOGIC  SURVEY. 


the  coals  of  Potter,  McKean,  Jefferson,  Armstrong,  Butler,  Allegheny 
and  Washington  counties  Avill  run  between  1.5  and  2.  The  coals 
lying  still  farther  to  the  northwest  in  Clarion,  Mercer,  Lawrence 
and  Beaver,  will  run  between  1 and  1.5.  On  the  map  the  different 
symbols  hav^e  not  been  drawn  as  sharp  boundaries,  nor  are  they 
intended  to  indicate  the  exact  limits  of  the  areas  in  which  the  dif- 
ferent ratios  hold,  but  only  the  approximate  limits.  In  many  areas 
the  data  is  meager  or  wanting,  and  only  a preliminary  study  of  the 
matter  can  here  be  presented.  In  many  cases  analyses  from  the 
same  district  will  show  a marked  difference  in  the  fuel  ratio,  as  has 
already  been  cited  in  the  case  of  the  Bernice  semi-anthracite  field. 
In  most  of  those  cases  the  plan  has  been  followed  on  the  map  of 
indicating  the  higher  fuel  ratio  where  that  appears  to  be  predomi- 
nant. The  following  table  gives  a selected  series  of  analyses  typical 
of  the  different  counties.  As  far  as  possible  recent  analyses  have 
been  used.  These  differ  from  the  old  analyses  mainly  in  the  way 
the  sample  was  taken.  Too  often  the  older  analyses  were  made  from 
samples  of  selected  pieces  of  coal  which  were  considered  to  be  repre- 
sentative, I)ut  of  which  the  analysis  as  compared  with  more  recent 
analyses  indicates  that  the  personal  element  almost  invariably  re- 
sulted in  the  selection  of  a piece  or  pieces  of  coal  above  the  average 
grade  in  x>in'if.y-  Tlie  more  recent  analyses  have  been  made  from 
sanpiles  obtained  by  cutting  a vertical  trench  the  whole  thickness 
of  the  bed,  with  the  exception  of  such  paratings  as  it  is  found  are 
omitted  in  the  practical  mining  of  that  coal.  The  coal  so  obtained 
is  caught  upon  an  oil  cloth,  broken  up  small,  thoroughly  mixed, 
then  quartered,  the  two  opposite  quarters  being  rejected,  the  other 
two  again  mixed,  broken  liner,  then  re-quartered,  and  the  process 
continued  until  a sample  having  a volume  of  about  one  quart  is 
obtained.  This  is  then  at  once  inserted  in  a can  and  sealed  air-tight, 
in  which  condition.it  is  sent  to  the  laboratory  for  analysis.  In  some 
cases  the  samx)les  were  obtained  from  carload  lots  of  the  coal  when 
such  coal  was  being  tested.  In  that  case,  the  coal  having  been  broken 
ui>  line,  as  it  was  carried  to  the  testing  bins  in  a bucket  conveyor, 
a small  shovelful  was  taken  from  every,  say,  fifth  bucket  and  the 
sample  so  obtained  quartered  and  cut  down  to  a laboratory  sample. 


Selected  Analyses  of  Coals  to  Illustrate  the  Variations  in  Different  Parts  of  the  Coal  Field  of  Pennsylvania. 
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Siraiigrapliy  of  Coals.  IJndev  the  general  head  ot  stratigraphy  the 
various  coals  and  the  accompanying  rocks  have  been  brielly  dis- 
cussed. It  may  however  be  of  value  here  to  present  a list  of  the 
coals  with  somewhat  of  their  thickness  and  distance  apart. 


TABLE  OF  COALS  IN  PENNSYLVANIA  AND  THE  INTERVALS  BE- 
TWEEN THEM. 


Dunkard  Series. 

Greene  formation. 

Coal,  Windy  Gap,  (-f-1,500  feet  above  Waynesburg  coal)  Thickness? 
Coal,  Ninevah,  1 ft.  8 in.,  1 ft.  6 in. 

Interval,  110-140  ft. 

Coal,  Hostetter,  1 ft.  to  15  in. 

Interval  30  to  40  ft.  (?) 

Coal,  Dunkard,  1 ft.  6 in.,  1 ft. 

Interval  125  ft. 

Coal,  Ten-mile  (Sparta)  1 ft.  8 in. 

Interval  60  ft. 

Coal,  Upper  Washington,  0 to  14  inches. 

Washington  formation. 

Interval  70  ft. 

Coal,  Jolly  town. 

Interval  80  ft. 

Coal,  Washington  “A,”  0 to  5 ft. 

Interval  70  to  80  ft. 

Coal,  Washington,  0 to  10  ft. 

Interval  12  to  15  ft. 

Coal,  Little  Washington,  0 to  1 ft. 

Interval  30  ft. 

Coal,  Waynesburg  “B”  1 to  2 ft. 

Interval  40  ft. 

Coal,  Waynesburg  “A,”  0 to  4 ft. 

Interval  50  to  80  ft. 


Pennsylvanian  series. 

Monongahela  formation. 

Coal,  Waynesburg,  3 to  10  ft.  (270  ft.  above  Pittsburg  bed). 

Interval  20  to  45  ft. 

Coal,  Little  Waynesburg,  0 to  1 ft. 

Interval  60  ft. 

Coal,  Uniontown,  0 to  3 ft. 

Interval,  116-126  ft. 

Coal,  Sewickley,  (upper  and  lower  locally)  0 to  6 ft.  to  30  ft.  (Mapleton, 
Meigs  Creek  coal). 

Interval  70  ft. 

Coal,  Redstone,  (Pomeroy  bed  of  Ohio)  0 to  5 ft. 

Interval  30  to  80  ft. 

Coal,  Pittsburg,  5 to  22  ft. 

Conemaugh  formation. 

Interval  25  to  60  ft. 

Coal,  Little  Pittsburg,  1 to  2 ft. 

Interval  75  to  100,  (below  Pittsburg  100  to  125). 
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Coal,  Little  Clarksburg  (Bavington?) 

Interval  75  ft. 

Coal,  Elk  Lick  (Barton). 

Interval  25  ft. 

Coal,  Harlem,  (Friendsville,  Crinoidal,  Platt). 

Interval  75  to  90  ft. 

Coal,  Bakerstown,  0 to  5 ft. 

Interval,  90  to  125  ft. 

Coal,  Gallitzin,  (Brush  Creek,  Masontown,  Mason,  Farmington)  0 to 
4 ft. 

Interval  50  ft. 

Coal,  Mahoning,  0 to  5 ft. 

Interval  40  to  70  ft. 

Allegheny  formation. 

Coal,  Upper  Freeport  C‘E”  “Cap”  “Lemon”  “Coke  Yard”)  0 to  16  ft., 
3 to  5 ft. 

Interval  20  to  65  ft. 

Coal,  Lower  Freeport  (“D,”  Moshannon)  0 to  16  ft.,  2 to  7 ft. 

Interval,  35  to  70  ft. 

Coal,  Upper  Kittanning  (“C,”  “Pot”  bed,  cannel  bed,  cement  bed)  0 to 
14  ft.,  1 to  2 ft.,  70  to  110  ft.  below  Upper  Freeport. 

Interval,  10  to  30  ft. 

Coal,  Gorman,  0 to  4 ft.  (local.) 

Interval  10  to  30  ft. 

Coal,  Middle  Kittanning  (C)  0 to  6 ft. 

Interval  15  to  30  ft. 

Coal,  Darlington  (“B”)  0 to  4 ft. 

Interval  15  to  20  to  40  ft. 

Coal,  Lower  Kittanning  (“B,”  Miller)  2 to  6 ft.  200  ft.  below  Upper 
Freeport. 

Interval  3 to  20  ft. 

Coal,  Lower  Kittanning,  0 to  3 ft.  (under  bench). 

Interval  10  to  60  ft. 

Vanport  limestone. 

Interval  0 to  30  ft. 

Coal,  Scrubgrass,  (Upper  Clarion)  0 to  3 ft. 

Interval  0 to  35  ft. 

Coal,  Clarion,  0 to  4 ft. 

Interval,  10  to  40  ft. 

Coal,  Brookville,  0 to  6 ft.  60  to  120  ft.  below  Lower  Kittanning. 

Pottsville  formation. 

Interval  40  to  70  ft. 

Coal,  Upper  Mercer  (Mt.  Savage)  0 to  4 ft.+ 

Interval  5 to  20  ft. 

Coal,  Lower  Mercer,  0 to  4 ft.+ 

Interval  50  to  100  ft. 

Coal,  Quakertown,  0 to  4 ft. 

Interval  70  to  150  ft. 

Coal,  Sharon,  0 to  5 ft. 

Coals  of  Pocono  age. 
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DISTRIBUTION  AND  LOCAL  DETAILS. 

PITTSBURG  DISTRICT. 

Describing  the  coal  of  the  Bnrgettstowii,  Carnegie,  Claysville, 
Amity,  Brownsville,  Connellsville,  Eogersville,  Waynesbnrg,  Mason- 
town  and  Uniontown  quadrangles. 

The  great  body  of  the  Pittsburg  coal  in  Pennsylvania  is  con- 
tained in  the  quadrangles  named  and  in  the  Pittsburg  and  Greens- 
burg  quadrangles  which  have  not  yet  been  studied.  These  quad- 
rangles cover  almost  all  of  Washington,  Greene,  southern  Allegheny, 
western  Fayette  and  western  '\Testmoreland  counties.  Very  similar 
conditions  exist  over  all  of  these  quadrangles,  and  to  save  repeti- 
tion they  will  be  considered  together.  As  the  Pittsburg  coal  has 
long  been  known,  and  as  it  is  ])lanned  that  when  this  field  has  been 
entirely  covered  a single  comprehensive  volume  will  be  prepared 
on  it,  only  a very  brief  summary  of  the  coal  resources  of  this  area 
will  be  given  here. 

PITTSBURG  COAL. 

The  present  commercial  value  is  given  to  this  field  almost  en- 
tirely by  the  Pittsburg  coal.  It  may  therefore  very  properly  be 
treated  first.  The  great  value  of  the  Pittsburg  coal  is  due  to  two 
things : its  quality  and  its  minability. 

Quality.  The  quality  of  the  Pittsburg  bed  differs  considerably  in 
different  parts  of  the  field  even  in  Pennsylvania.  This  is  strikingly 
seen  if  comparison  be  made  between  the  coal  from  Connellsville’ 
and  that  from  western  Washington  county.  Practically  all  of  the 
coal  is  good  steam  coal.  Part  of  it  is  a high-grade  gas  coal,  but  its 
most  valuable  part  is  that  portion  from  which  can  be  made  high 
grade  coke. 

Starting  at  the  east  outside  of  the  ai’ea  here  considered,  the  Pitts- 
burg coal  occupies  a limited  area  in  the  Salisbury  basin  in  south- 
eastern Somerset  county.  Here  the  coal  has  a fuel  ratio  of  about 
3.5.  Analysis  shows  it  to  have  about  TO  per  cent,  of  fixed  carbon, 
20  per  cent,  of  volatile  combu.stible  matter,  8 })er  cent,  of  ash,  .75 
per  cent,  of  suliihur  and  1.25  per  cent,  of  moisture.  Coming  west- 
ward a small  basin  of  the  Pittsburg  coal  is  found  in  eastern  West- 
moreland county  in  the  Ligonier  Valley,  at  Ligonier.  This  is  east 
of  the  Chestnut  Ridge  anticline.  Here  the  coal  shows  a fuel  ratio 
of  a little  under  3.  Analyses  will  show  about: 


Fixed  carbon 62  per  cent. 

Volatile  hydrocarbons 23  per  cent. 

Ash 12  per  cent. 

Sulphur,  less  than 2 per  cent. 

Moisture  (air  dried)  iess  than 1 per  cent. 
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Crossing  the  Chestnut  Ridge  anticline,  the  fuel  ratio  drops  to 
about  2,  the  fixed  carbon  becoming  about  (50  per  cent.,  the  volatile 
hydrocarbons  about  530,  the  ash  S,  the  sulphur  1 or  less,  the  moisture 
(air  dried)  1 or  over.  Here  is  the  first  large  body  of  coal  preserved 
and  here  is  the  great  Connellsville-Uuiontown  coking  district. 

Continuing  westward  or  northwestward,  the  Fayette  anticline  is 
crossed.  This  is  the  last  of  the  sharply  folded  anticlines,  and  west 
of  it  the  structure  becomes  gently  and  irregularly  folded.  Corres- 
pondingly, Avest  of  that  asiticline  the  coals  have  not  lost  so  large  a 
proportion  of  their  volatile  constituents.  The  fuel  ratio  in  the  Pitts- 
burg bed  will  there  usually  run  under  2,  and  ivill  average  about  l.G. 
Thus  most  of  the  analyses  will  run  from  50  to  60  per  cent,  of  fixed 
carbon  and  from  30  to  37  per  cent,  of  volatile  matter.  The  ash  runs 
rather  high,  usually  from  10  to  12  per  cent.,  and  the  sulphur  usually 
between  1 and  2 per  cent.  Locally  the  ash  runs  doivn  to  0 or  7 per 
cent,  and  the  sulphur  will  run  under  1 per  cent. 

Crossing  Ihe  IMonongahela  i-iver  into  Creene  county,  analyses  in- 
dicale  about  tlie  s-une  gi-ade  of  coal,  some  of  the  analyses  giving  a 
fuel  ratio  as  high  as  2 or  even  a little  over,  but  averaging  between 
1.0  and  1.7.  The  percentage  of  ash  is  the  same  or  lower  and  of 
suljfiiur  about  1. 

In  southeastern  Washington  county  similar  conditions  hold.  Analy- 
ses of  the  Ellsworth  mines  show  from  53  to  59  per  cent,  of  fixed 
carbon,  and  from  33.5  to  37  per  cent,  of  volatile  matter.  The  same 
^ analyses  show  from  4 to  8 per  cent,  of  ash  and  from  .73  to  1.61  per 
cent,  of  sulphur.  Toivard  the  northwest  part  of  Washington  county 
the  Pittsburg  coal  shows  a marked  increase  in  the  percentage  of 
sulphur,  some  of  the  analyses  showing  as  high  as  4 per  cent,  or  over. 

77ie  Coal  Bed.  Ax>parently  Avithin  the  line  of  its  outcrop  the  Pitts- 
burg coal  is  a continuous  i>ed.  As  the  coal  in  a large  part  of  this 
area  is  deeply  hidden,  it  is  impossilile  to  assert  that  there  will 
not  be  some  areas  possibly  of  some  size  Avhere  the  coal  is  lacking. 
At  the  east  the  roof  of  the  coal  is  usually  shale.  West  of  the  Monon- 
gahela  tlie  Pittsburg  sandstone  becomes  more  jirominent.  As  it 
does  so  it  is  found  to  occupy  an  old  eroded  surface.  This  erosion 
has  in  many  jdaces  cut  out  the  roof  division  and  the  strata  interven- 
ing betAveen  that  and  the  main  division,  and  has  cut  someAvhat  into 
the  main  or  loAver  division.  While  mining  or  close  jirositecting  has 
not  yet  developed  any  area  in  AAdiich  this  down-cutting  has  cut  en- 
tirely through  the  coal  or  removed  it,  as  far  as  knoAvn  to  the  writer, 
it  is  not  improbable  that  such  remoA’al  Avill  be  dcA’eloped  in  the 
future.  Areas  in  AAdiich  ihe  Pittsburg  coal  is  known  to  be  lacking 
are  well  knoAvn  in  Ohio  and  West  Virginia,  and  it  is  not  unreasonable 
to  expect  that  similar  though  jiroliably  smaller  areas  may  be  found 
to  contain  no  coal  in  PennsylAmnia. 
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The  coal  bed  itself  is  readily  divisible  into  two  parts,  the  upper 
of  which  is  known  as  the  roof  coal  or  division,  and  the  lower  as 
the  main  coal  or  division.  Between  them  is  the  over  lay  or  main 
clay.  In  parts  of  the  area  the  two  divisions,  which  are  usually 
separated  by  only  a foot  or  less,  become  separated  by  1-5  or  20  feet. 
Then  sandstone  or  shale  as  well  as  clay  are  found  between  the  two 
divisions. 

The  roof  division  has  its  best  development  at  the  north  and  in 
general  thins  to  the  south.  In  northern  Washington  county  it  attains 
dimensions  allowing  its  working  independently  of  the  lower  division, 
while  in  northern  West  Virginia  it  is  usually  lacking  or  thin.  At 
the  north  it  will  measure  from  5 to  6 feet  in  thickness.  It  is  every 
where  characterized  by  its  clay  partings.  These  are  often  extremely 
irregular  so  that  detailed  measurements  made  a few  yards  apart 
will  sometimes  give  entirely  dissimilar  sections.  This  irregularity 


Fig.  19.  Sketch  of  part  of  an  outcrop  of  the  upper 
division  of  the  Pittsburg  coal  near  Woodside;  to  illus- 
trate the  irregular  character  of  the  clay  partings  in  the 
division,  (G.  H.  A.) 

is  Avell  shown  in  fig.  19  from  a sketch  made  to  scale  near  Wood- 
side.  In  places  the  clay  beds  become  more  regular.  In  some  sec- 
tions the  division  is  less  than  one-half  coal,  in  othei’s  the  clay  forms 
one  small  parting.  In  the  main,  the  roof  division  has  been  consid- 
ered worthless  and  left  in  the  mine.  It  now  seems  possible  that  in 
the  not  distant  future  it  may  be  removed  in  mining  and  utilized  in 
the  manufacture  of  producer  gas.  The  partings  in  the  roof  division 
are  sometimes  clay,  sometimes  shale  and  frequently  bone. 

The  main  clay  or  “over-clay’’  is  usually  an  impure  clay,  often 
with  coal  streaks,  especially  near  the  base.  It  will  average  a little 
under  a foot.  The  lower  division  contains  four  benches  as  is  shown 
in  the  following  general  section  of  the  Pittsburg  coal : 
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DIVISIONS  OF  THE  PITTSBURG  COAL. 

Feet  Inches. 


Roof  division,  2-8 

Main  or  “over-clay,”  about 1 

“Breast”  or  “main”  bench,  often  with  parting  in  the  middle,..  2-10 

Parting 

“Bearing  in,”  4_0 

P’arting,  

“Brick”  bench,  about 1 

Parting,  often  absent  or  thin. 

“Bottom”  bench,  12-20 


The  breast  or  main  coal  bench  is  the  most  valuable  and  important 
part  of  the  bed.  It  'varies  in  thickness  from  2 feet  in  Ohio  to  3 
feet  at  Pittsburg,  C feet  at  P.rownsville,  to  as  high  as  10  feet  in 
the  Georges  creek  region  of  Maryland.  The  top  of  the  breast  coal 
for  a few  inches  is  harder  than  the  rest,  often  cannelly  and  fre- 
quently bony.  There  is  occasionally  a thin  parting  near  the  middle 
of  this  bench,  especially  toward  the  northwest. 

The  “bearing-in”  bench  which  in  pick  mining  is  mined  in  in  under- 
cutting the  breast  coal  is  a remarkably  regular  feature  of  the  bed, 
especially  with  its  two  bounding  thin  shale  partings  above  and 
below.  The  iiartings  are  usually  gray  mottled  from  inch  to  1 
inch  thick.  To  the  south  they  become  bony  and  less  conspicuous. 
The  coal  bench  is  a bright,  luire  coal  from  3 to  6 inches  thick.  The 
brick  coal,  named  from  the  brick-like  shape  of  the  blocks  into  which 
it  mines,  runs  from  0 to  1 foot  thick.  The  parting  between  this  and 
the  bottom  bench  is  often  inconspicuous  and  sometimes  lacking. 

The  “bottom”  bench  is  12  to  25  inches  thick  and  usually  impure. 
The  writer  hopes  the  present  season  to  examine  this  coal  in  the 
erosion  channels  south  of  Pittsburg  and  expects  in  those  channels  to 
find  that  this  bottom  bench  has  greatly  thickened  up.  This  is  often 
left  on  account  of  its  impurities.  It  could  be  utilized  with  the  roof 
coal  if  that  ever  should  be  used. 

Considering  the  coal  as  a whole,  the  lower  or  working  division 
has  a thickness  near  Pittsburg  of  about  5 feet.  Going  southward  this 
increases  so  that  over  the  southwestern  part  of  the  State  it  will 
probably  average  7 feet,  ranging  from  6 to  8 feet  over  much  of 
Greene  and  Fayette  counties. 

Distribution.  The  distribution  of  the  coal  bed  is  indicated  on 
the  large  map,  also  for  handy  reference  in  the  accompanying  fig. 
20.  The  small  areas  in  the  Salisbury  and  Ligonier  basins  lie  outside 
the  area  mapped  at  this  time,  as  do  also  the  areas  in  the  Greens- 
burg  and  Pittsburg  quadrangles.  West  of  the  Chestnut  Ridge  an- 
ticline is  the  Uniontown-Connellsville  basin;  a division  of  the  Fay- 
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otte  anticline  to  the-nortli  incloses  tlie  Greensburg  basin  in  which 
is  a considerable  body  of  coal ; beyond  that  the  coal  forms  a solid 
body,  except  where  broken  np  by  topography.  This  main  body 
lies  in  a great  basin.  The  center  of  it  lies  in  a line  from 
Pittsburg  to  the  southwest  corner  of  the  i^late,  deepening  in  a 


Pis'.  20.  Map  showing'  area  of  the  Pittsburg  coai  bed  in  Pennsylvania. 

southwest  direction.  In  the  <‘enter  of  the  basin  in  southwestern 
Greene  county  the  Pittsburg  coal  is  buried  to  a depth  of  about  1,500 
feet.  As  it  rises  to  outcrop  at  the  north  and  northeast,  it  reaches 
daylight  first  where  anticlinal  rolls  and  domes  cross  the  larger 
streams,  until  in  the  northern  part  of  the  Rurgettstown  and  Con- 
nellsville  areas  it  is  entirely  above  drainage  and  takes  the  sliajie  of 
the  hills.  It  continues  to  rise  in  those  directions  until  finally 
it  is  only  to  be  found  in  the  hilltops.  North  of  the  two  quadrangles 
mentioned  it  occurs  only  in  the  hilltops  in  areas  as  a rule  too  small 
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to  serve  any  but  neighborhood  use.  Reference  should  be  made  to 
the  published  reports  for  details  on  the  stratigraphy,  structure  and 
position  of  the  coals. 

COALS  ABOVE  THE  PITTSBURG  BED. 

(Same  Quadrangles). 

In  general  the  coals  above  tht  Pittsburg  bed  do  not  hold  out 
great  promise  of  future  value.  It  is  true  that  in  many  cases  they 
have  a tliichness  equal  to  that  of  the  Pittsburg  bed,  but  they  are 
unsually  irregular  or  thin.  They  are  usually  broken  into  a number  of 
benches  by  partings  that  sometimes  make  up  half  of  the  bed,  and 
analyses  shoivs  that  in  most  cases  they  run  high  in  ash  and  sulphur. 

Redstone  Coal.  The  Redstone  coal  has  a thickness  of  from  0 to 
.5  feet.  It  reaches  from  3 to  5 feet  in  many  places  in  the  Uniontown 
syncline,  coming  about  80  feet  above  the  Pittsburg  coal.  In  general 
this  coal  is  wanting  or  thin  or  is  represented  only  by  a few  inches 
of  black  shale. 

Rewicldey  Coal.  The  Seivickley  coal  reaches  a thickness  of  5 feet 
in  many  places  as  at  Mapletown,  Fair  Chance,  Brownfield  and  Lick 
Run  near  Gray’s  Landing,  and  it  shows  a thickness  of  7 feet  6 inches 
below  Gray’s  Landing.  The  partings  thicken  up  until  at  one  point 
the  lied  has  spread  over  a space  of  33  feet  G inches.  Outside  of  the 
regions  mentioned  it  is  usuallv  thin  or  wanting.  The  shaft  sections 
and  drillings  unite  to  indicate  great  irregularity  in  its  thickness 
and  in  its  vertical  position.  In  some  shafts  and  drillings  it  does 
not  appear  at  all,  while  it  will  show  a fair  thickness  in  neighbor- 
ing holes.  It  usually  shoAVS  3 to  4 per  cent,  of  sulphur  and  is  high 
in  ash. 

Uniontown  Coal.  At  UuiontOAvn  the  Uniontown  coal  has  a thick- 
ness of  2 feet  3 inches.  In  the  Leith  shaft  it  has  a thickness  of  4 feet 
G inches.  In  most  of  the  shaft  sections  it  is  entirely  wanting  or 
very  thin.  At  MapletoAvn  it  is  5 to  G feet  thick  including  only  2 to 
3 inches  of  clay  near  the  middle.  It  is  here  a high  grade  free-burning 
block  coal,  highly  prized  for  domestic  use. 

Wai/nesJjnrfj  Coal.  In  the  Uniontown  syncline  this  coal  has  an 
average  thickness  of  3 feet  G inches.  West  of  this  it  has  a much 
greater  thickness  but  is  usually  split  up  with  clay  partings.  Single 
benches  range  from  2 feet  to  4 feet  6 inches  at  the  best.  Often  by  the 
remoATl  of  less  than  1 foot  of  clay  5 to  6 feet  of  coal  can  be  obtained. 
On  account  of  this  thickness — often  over  10  feet — this  coal  makes 
very  prominent  showing  in  the  roads  and  elsewhere,  but  its  high 
ash  and  sulphur  and  numerous  clay  partings  render  it  a non-com- 
mercial  proposition  as  long  as  the  Pittsburg  bed  remains.  A sample 
from  Greene  county  showed;  12.81  per  cent,  ash;  3.77  per  cent,  sul- 
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pliur.  It  lias  its  best  development  in  Greene  comity  where  it  yields 
5 to  G feet  of  coal.  Before  the  discovery  of  oil  and  gas  in  that  county 
this  bed  was  quite  extensively  mined  around  Waynesburg  for  the 
local  trade.  The  best  sections  there  will  show: 


Coal 2 feet. 

Clay 1 foot. 

Coal 3 feet. 


Total 6 feet. 


It  is  still  mined  to  some  extent  for  local  use.  At  this  point  it 
will  run  about  50  per  cent,  fixed  carbon,  32  per  cent,  volatile  matter, 
1.2  to  3 i>er  cent,  sulphur,  11  to  13  per  cent.  ash. 

In  the  Amity  quadrangle  the  Waynesburg  coal  with  a total  thick- 
ness of  0 to  7 feet,  usually  has  a middle  bench  of  2 feet.  It  is  there 
a hard,  block  coal  of  no  value  for  coke  as  shown  by  analysis.  About 
4G  per  cent,  of  fixed  carbon,  32  per  cent,  of  volatile  matter,  10  to  20 
per  cent,  of  ash,  2 to  5 per  cent,  of  sulphui’,  and  2 to  3 per  cent,  of 
moisture. 

Wayneslnirg  “A”  Coal.  While  not  as  thick  as  the  Washington 
coal,  the  Waynesburg  “A”  coal  is  probably  the  most  valuable  in  the 
Dunkard  formation.  It  shows  a thickness  of  3 to  4 feet  6 inches 
locally  with  in  general  a thickness  of  under  2 feet.  It  will  be  of 
value  only  when  the  larger  underlying  beds  are  exhausted. 

Washington  Coal.  The  Washington  coal  is  often  thick  but  is 
usually  so  broken  up  with  partings  as  to  be  nearly  or  quite  worthless. 
It  shows  its  best  development  in  Washington  county  where  it  reaches 
a thickness  of  up  to  7 feet,  but  of  this  the  thickest  bench  is  not 
more  than  2 feet  9 inches.  In  western  Greene  county  it  has  a total 
thickness  of  2 to  4 feet,  but  over  most  of  Greene  county  is  only  18 
inches  to  2 feet  thick.  Recent  analysis  shows: 


Fixed  carbon,  40.96  per  cent. 

Volatile  hydrocarbons,  36.79  per  cent. 

Ash 14.03  per  cent. 

Sulphur 3.79  per  cent. 


At  Ten-mile  village  is  found  the  Ten-mile  coal  with  a thickness  of 
from  1 foot  to  3 feet  2 inches. 

COALS  BELOW  THE  PITTSBURG  COAL. 

Of  more  interest  and  probably  of  much  more  value  tlian  the 
coals  last  described  are  the  coals  below  the  Pittsburg  bed.  Unfortu- 
nately our  knowledge  of  them  is  very  meagre.  They  outcrop  to  the 
east  of  the  Uniontown  syncline  and  are  commonly  reported  in  drill- 
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ing's  made  for  oil  and  gas,  though  apparentl}^  no  s^-stematic  attempt 
has  been  made  to  explore  for  them  Ihrough  any  part  of  the  Mononga- 
hela  river  basin  where  they  are  below  drainage.  As  long  as  the  Pitts- 
burg coal  can  be  mined  from  an  ontcrop  along  the  river  there  will 
be  little  indncement  to  explore  for  lower  coals.  As,  however,  the 
Pittsburg  coal  becomes  exhausted  from  separate  holdings  it  would 
seem  to  the  writer  that  some  knoAvledge  of  the  character,  quality 
and  thickness  of  the  underlying  coals  Avould  perhaps  be  desired 
before  moving  the  plant  to  ncAV  areas  of  the  Pittsburg  bed.  With 
the  increasing  value  of  lands  underlain  by  the  Pittsburg  bed  and  the 
gradual  exhaustion  of  the  most  easily  available  Pittsburg  coal,  it 
is  only  a question  of  a few  years  Avhen  inquiry  Avill  be  directed  to 
the  underlying  coals  of  Allegheny  age.  It  is  unfortunately  true  that 
where  they  outcrop  on  the  east  side  of  this  district  these  lower 
Allegheny  coals  resemble  the  coals  above  the  Pittsburg,  being  iisually 
nnu-h  broken  np  by  partings  and  ninning  high  in  sulphur.  In  this 
respect  there  is  not  much  choice  between  the  two  sets  of  coal,  though 
the  lower  coals  cover  vastly  the  larger  area  and  on  the  whole  give 
promise  of  greater  workability  as  regards  thickness  of  benches. 
Until  these  coals  have  been  explored  west  of  their  outcrop  with  the 
diamond  or  Calyx  drill,  they  should  not  be  entirely  condemned. 
Their  condition  and  quality  in  Ohio  Avhere  they  come  to  the  surface 
on  the  west  side  of  this  basin,  or  in  West  Virginia,  as  well  as  their 
quality  in  other  parts  of  Pennsylvania,  indicate  that  they  may  prove 
well  worth  fnlnre  investigation.  For  purposes  of  preliminary  test- 
ing Ihey  can  be  reached  most  quickly  at  the  axes  of  the  anticlines 
across  the  larger  drainage  lines,  and  if  the  drill  shows  them  there 
to  be  of  Avorkable  thicknes.s,  and  analyses  of  the  cores  show  them  to 
be  of  marketable  quality,  they  can  be  folloAved  on  doAvn  into  the 
synclines  for  purposes  of  development.  Some  Avorkable  coal  is  yet 
to  be  found  in  the  Conemaugh  formation,  but  for  the  i>resent  pur- 
pose it  will  suflice  to  review  brielly  the  condition  of  the  Allegheny 
coals  along  the  Ave.stern  edge  of  this  district,  as  exposed  along  Chest- 
nut Pidge  and  the  Ligonier  Valley.  ' 

The  Upper  Freeport  coal  is  the  most  valuable  coal  of  the  Alle- 
gheny formation  in  soutliAA^estern  Pennsylvania.  It  is  generally  per- 
sistent and  thick,  reaching  a maximum  of  32  to  16  feet,  but  in  these 
cases  the  coal  is  usually  so  broken  np  by  partings  that  the  minable 
]»art  Avill  seldom  exceed  6 feet  and  is  usually  less.  In  most  cases 
the  largest  single  bench  in  the  section  runs  from  2 to  .3|-  feet  and 
often  only  one  such  bench  Avill  be  taken  nnder  present  mining  con- 
ditions. The  LoAA'er  Freeport  coal  is  qnite  Amriable  and  usually 
thin.  It  may  proA'e  locally  Avorkable.  Of  the  Kittanning  coals, 
the  U]>per  Kittanning  ai>pears  to  be  the  most  important  in  this 
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district.  It  shows  a thickness  of  5 to  7 feet  on  Cucumher  ruu 
with  4 inches  of  clay  parting  2 feet  3 inches  from  the  top.  On 
Smalleys  run  it  shows  4 feet  of  coal  in  three  henches  through  11 
feet  G inches  of  space.  Other  sections  show  from  5 feet  down  of  coal, 
usually  rather  badly  broken  up  with  partings.  The  Middle  Kittan- 
ning reaches  4 feet  in  places  usually  including  from  G to  10  inches 
of  clay.  The  Lower  Kittanning  appears  to  be  unimportant. 

In  the  S}>ace  of  the  Clarion  coal  group  there  is  a valuable  coal  15 
to  30  feet  above  the  top  of  the  Pottsville  sandstone.  It  was  fonnally 
mined  along  the  Yonghiogheny  River  near  Ohiopyle  where  it  is  2 
feet  to  4 feet  thick.  At  Cool  Si)i-ing  Furnace,  ea.st  of  Uniontown, 
this  bed  is  S feet  5 inches  thick  with  3 inches  of  clay  3 feet  3 inches 
from  the  top  and  1 inch  of  clay  18  inches  from  the  bottom.  PeAV 
measurements  of  this  coal  have  been  made  but  numerous  large  blooms 
indicate  that  it  may  be  workable  over  a considerable  area.  It  is 
thought  by  J.  J.  Stevenson  that  this  is  the  same  as  the  valuable 
bed  worked  at  Arden,  Roaring  Camp,  and  elsewhere  in  West  Vir- 
ginia. 

The  Mercer  coal  shows  a thickness  of  4 feet  on  the  east  side  of 
Chestnut  Ridge  near  the  National  pike.  Uusually  it  appears  to  be 
thin,  from  a few  inches  to  2 feet. 

BEAVER  QUADRANGLE. 

The  rocks  of  this  quadrangle  include  the  Pittsburg  coal  and  all 
the  underlying  coal  mea.sures.  The  quadrangle  appears  to  contain 
extremely  little  of  value  from  the  coal  standpoint.  All  of  the  beds 
except  the  Pittsburg  have  a workable  thickness  only  locally  and 
then  barely  reach  workability. 

About  a dozen  of  the  hilltops  in  the  southeastern  part  of  the  quad- 
I’angle  catch  the  Pittsburg  coal.  It  is  in  too  small  areas  and  has 
too  small  cover  to  be  of  any  commercial  value  in  the  quadrangle. 
None  of  the  Conemaugh  coals  appear  to  be  of  workable  thickness. 

There  remains  all  of  the  Allegheny  coals  which  underlie  ]>racti- 
cally  the  whole  quadrangle.  Of  these  the  Upper  Freeport  is  the 
most  important.  Where  this  coal  is  overlain  by  shale  it  may  main- 
tain a fairly  uniform  thickness,  but  where  overlain  by  sandstone 
this  thickness  is  liable  to  be  variable,  changing  from  several  feet 
to  a feAV  inches  or  nothing  Avithin  a feAA'  hundred  feet.  This  coal 
will  therefore  eveiWAvliere  require  careful  prospecting  before  devel- 
opment. In  the  northeast  corner  of  the  quadrangle  this  coal  varies 
from  9 to  22  inches  in  thickness  with  an  average  of  17  inches.  South 
of  the  Ohio  river  and  east  of  Raccoon  creek  it  runs  from  1 or  2 
inches  to  35  inches  of  coal  and  partings.  It  is  more  irregular  in 
the  northern  part  of  this  area.  Farther  south  it  is  about  26  inches 


238 


TOPOGRAPHIC  AND  GEOLOGIC  SURVEY. 


thick  aud  has  long  been  worked  tor  local  use.  North  of  Ohio  river 
and  west  of  Beaver  river  it  avei-ages  17  inches,  running  from  0 to 
27  inches  including  coal  and  partings,  though  at  the  west  are  some 
irregular  lenses  of  coal  ranging  between  30  and  50  inches.  The 
coal  in  these  places  is  usually  pure  and  free  from  partings.  South  of 
the  Ohio  and  west  of  Raccoon  creek  the  coal  is  also  lenticular  but 
apparently  in  larger  lenses.  Locally  the  coal  splits  until  the  benches 
and  partings  occupy  a space  of  10  to  12  feet. 

Sixty  feet  below  the  Upper  Freeport  is  the  Lower  Freeport. 
It  is  commercially  of  little  or  no  value.  It  ranges  locally  from 
12  to  30  inches  in  thickness  but  elsewhere  becomes  merely  bituminous 
shale  with  coaly  streaks. 

The  Upper  Kittamiing  coal  seldom  exceeds  G to  Sinches  in  thick- 
ness in  +his  quadrangle  except  on  Brush  run  where  apparently  this 
coal  is  about  4 feet  thick  with  from  G to  12  inches  of  parting. 

The  Middle  Kittanniug  (Darlington)  coal  is  from  4 to  36  inches 
thick,  but  on  the  whole  is  only  locally  of  workable  thickness  even 
for  neighborhood  use. 

The  Lower  Kittanning  coal  ranges  up  to  30  inches  in  thickness 
and  in  itself  is  of  little  or  no  value.  It  is,  however,  underlain  by 
a valuable  bed  of  clay  and  it  is  mined  extensively  in  connection  with 
the  clay  and  for  use  in  the  burning  of  the  clay.  It  is  fairly  regular 
not  having  been  observed  less  than  14  inches  nor  more  than  30  inches. 

The  Clarion  coal  is  less  than  12  inches  thick  and  of  no  value. 

The  Brookville  coal  reaches  30  inches,  mostly  shaly,  at  the  mouth 
of  Brady  Run,  but  otherwise  it  appears  to  be  thin. 

NEWCASTLE  QUADRANGLE. 

The  coals  of  this  quadrangle  belong  in  the  Lower  Conemaugh, 
Allegheny,  aud  Pottsville  formations.  Out  of  coals  at  fifteen  hori- 
zons exposed  in  the  quadrangle,  three  are  known  to  be  of  value. 
These  are  the  Tapper  Freeport,  Middle  Kittanuing  or  Darlington, 
and  Lower  Kittanning.  Three  of  the  others  are  locally  Avorkable, 
(lie  East  Palestine  (Mahoning  coal?).  Lower  Freeport  and  Upper 
Kittanuing. 

The  Upper  Freeport  is  normally  4 to  5 feet  thick  separated  by 
fro]ii  1 to  G feet  of  shale  from  the  overlying  Mahoning  sandstone 
and  from  1 to  3 feet  of  clay  from  the  underlying  limestone.  As 
elsewhere,  however,  the  sandstone  is  liable  to  be  found  laid  down 
on  an  old  erosion  surface  Avhich  has  cut  into  the  coal,  reducing  its 
(hickness  or  cutting  i(  out.  The  area  of  this  coal  is  not  large 
in  this  quadrangle.  As  indicated  on  the  map  it  is  confined  to  the 
hills  in  the  southern  half,  and  due  to  the  irregularities  spoken  of 
it  is  uncertain  how  much  of  the  area  is  underlain  by  thick  coal. 
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The  Middle  Kittanuing  coal  (Darlington,  ‘‘IS-inch’’  or  ‘•3-1'oot’')  as 
a rule  measures  from  24  to  28  inches  with  a shale  roof  and  clay 
lloor.  rartings  are  usually  absent  when  the  coal  is  thin,  but  Avhere 
thickened  one  or  more  appear  to  be  somewhat  persistent.  Though 
barely  of  workable  thickness  under  present  mining  conditions,  this 
bed  appears  to  be  so  persistent  that  it  may  ultimately  yield  a large 
volume  of  coal.  In  the  vicinity  of  Wamj)um  many  sections  shoAV 
34  inches  and  up  to  48  inches  of  coal. 

The  LoAA'er  Kittanning  coal  is  but  imperfectly  knoAvn.  As  else- 
where it  is  here  underlain  by  a thick  body  of  A'aluable  clay  and 
its  value  Avill  doubtless  be  mainly  as  mined  in  connection  Avith  the 
clay.  It  A-aries  up  to  36  inches  in  thickness  though  usually  is 
much  less  than  that.  It  is  free  from  persistent  partings  though 
seA'eral  sections  shoAv  a tendency  to  develop  a sulphurous  clay  part- 
ing 1 inch  thick  from  11  to  11  inches  from  the  bottom.  The  area 
underlain  by  this  bed  is  shoAvn  on  the  map. 

On  the  scale  of  the  inaj)  this  line  of  outcrop  Avill  sen’e  as  Avell 
to  show  the  area  underlain  by  the  Middle  Kittanning  coal.  Of 
the  other  coals  the  East  Palestine  coal  is  opened  along  the  western 
margin  of  the  quadrangle  Darlington  township  Avhere  it  is  known 
as  the  “3-foot”  or  “Red  Hill”  coal.  It  may  proA'e  to  be  Avorkable 
in  connection  with  the  Upper  Freeport  which  it  overlies.  It  varies 
from  32  to  47  inches  in  thickness,  including  8 inches  of  bony  coal 
on  top. 

The  LoAver  Freeport  is  rendered  variable  in  thickness  by  an  erosion 
that  folloAved  its  laying  down  and  Avhich  in  turn  Avas  folloAved  by 
a deposit  of  sand,  so  that  Avhile  in  general  it  appears  to  be  from 
10  to  19  inches  thick,  it  A'aries  from  6 to  48  inches,  and  it  is  barely 
])Ossible  that  future  prospcctiiyg  Avill  devtOop  Avorkable  areas  of  Avork- 
able thickness. 

The  Upper  Kittanning  here  as  elseAvhere  is  notable  for  its  asso- 
ciation with  cannel  coal,  while  the  bituminous  coal  is  usually  very 
thin.  When  thick  the  thickening  is  due  to  a deposit  of  cannel  coal 
aboA-e  the  bituminous.  This  is  best  seen  at  Cannelton.  Here  the 
cannel  coal  has  a thickness  of  up  to  13  feet  Avith  an  aAvrage  of  7 
ro  8 feet.  It  fills  a race-track-like  trough  about  300  feet  Avide 
extending  around  an  oval  2 miles  long  by  1 mile  Avide.  Bituminous 
coal  is  1 foot  thick  in  the  center  of  this  track-like  basin  but  at 
the  edges  of  the  track  the  cannel  coal  thins  out  and  tlie  bituminous 
coal  thins  to  4 inches.  This  coal  Avas  formerly  thought  to  be  at  Ih;' 
horizon  of  the  Darlington  coal,  but  later  exploration  exposed  1lu' 
Darlington  beloAV  it  in  the  hill  and  at  the  pro])cr  interval  above  Ihe 
Lower  Kittanning  coal. 
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As  shown  by  the  distribution  of  the  coals  on  the  map,  the  north- 
ern part  of  the  quadrangle  has  little  of  value  in  the  way  of  coal 
resources.  The  coals  outcropping  there  are  mainly  the  Pottsville 
coals  which  in  that  region  are  usually  not  workable. 

SEWICKLEY  QUADRANGLE. 

The  Sewickley  quadrangle  includes  rocks  from  the  Pittsburg  coal 
down.  Excepting  for  a few  hilltops  in  the  south  part  of  the  quad- 
rangle and  one  or  two  points  on  the  northwest  and  west  edges, 
all  of  the  rocks  of  the  quadrangle  belong  to  the  Conemaugh  or  lower 
barren  Coal  Measures.  The  Pittsburg  coal  is  confined  to  the  hill- 
tops on  the  south  edge  of  the  quadrangle,  most  of  these  being  south 
of  Ohio  river.  Here  it  underlies  areas  of  froiu  1 to  20  or  30  acres. 
All  of  these  places  have  served  for  neighborhood  use  and  in  the  main 
are  all  worked  out.  The  coal  has  a total  maximum  thickness  of  14 
feet,  of  which  about  6^  feet  are  taken.  The  lower  division  which 
alone  is  worked  shows  3 feet  of  ‘‘breast”  coal,  4 inches  of  “bearing- 
in”  2 feet  2 inches  of  “brick”  coal,  and  34  inches  of  bottom  slack 
coal.  Partings  run  from  14-  to  2 inches.  Of  the  Conemaugh  coals, 
the  Elk  Lick  has  been  opened  south  of  Duff  City,  where  it  shows 
30  inches  of  solid,  clean,  blocky  coal  underlain  by  1 foot  of  dirty 
coal,  1 foot  of  yellow  clay,  and  1 foot  of  shaly  coal.  The  coal  here 
lies  20  to  40  feet  above  the  Ames  limestone  and  immediately  under 
the  Morgantown  sandstone.  On  the  Schley  farm  on  the  eastern 
liorder  of  the  quadrangle,  34-  miles  from  the  southeast  corner,  this 
bed  shows  3 feet  of  good  coal  overlain  by  40  inches  of  poor  coal, 
shale  and  clay.  Over  most  of  the  quadrangle  this  coal  consists  of 
from  0 to  12  inches  of  soft  shaly  coal  of  no  value. 

The  Bakerstown  coal  has  its  maximum  thickness  in  the  northeast 
corner  of  the  quadrangle  near  Lowville  where  it  has  been  fre(juently 
opened  and  is  still  worked  for  neighborhood  use.  It  shows  24  to  30 
inches  of  coal  with  few  or  no  shale  partings.  It  is  said  to  be  low 
in  sulphur  and  to  burn  with  few  clinkers.  At  other  points  through- 
out the  quadrangle  where  opened  it  has  been  found  to  be  thin  and 
of  poor  quality. 

The  Gallitzin  or  Brusii  creek  coal  reaches  its  maximum  thickness 
in  its  type  locality  on  Brnsh  creek  near  Oak  Hill  in  tlie  north  central 
part  of  the  quadrangle.  It  is  here  24  to  32  inches  thick  and  of  fair 
quality.  It  has  been  mined  here  in  a small  Avay,  but  not  within 
recent  years. 

Where  exjiosed  along  the  northwestern  and  noi-thern  edge  of  the 
quadrangle  the  Allegheny  coals  have  been  mined  in  a small  way 
but  most  of  these  mines  are  now  abandoned.  The  Allegheny  coals 
underlie  practically  the  whole  quadrangle,  but  little  can  be  told 
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of  the  thiekiiess  and  quality  unlil  prospecting  by  drill  has  been 
done.  Upon  them  depends  the  future  output  of  coal  from  tliis  part 
of  the  quadrangle. 


CLARION  QUADRANGLE. 

The  outcropping  rocks  of  the  Clarion  quadrangle  are  almost  en- 
tirely of  Allegheny  age.  The  Upper  Freeport  coal  bed  underlies 
the  hilltops  throughout  the  souTliern  part  of  the  quadrangle.  With 
the  exception  of  a few  isolated  hilltops  in  which  country  banks  have 
been  opened,  the  only  commercial  development  of  this  or  the  Lower 
Freeport  coal  which  lies  about  40  feet  lower,  has  been  in  the  vicinity 
of  jSrw  Bethlehem.  The  Freeport  coals  are  of  excellent  quality 
and  of  good  thickness  but  are  of  comparatively  small  extent  and 
have  been  largely  worked  out.  On  a hilltop  14  miles  south  of 
Kimersburg  is  an  old  opening  on  a coal  4 feet  4 inches  thick  which 
has  been  supposed  to  be  of  Up]>er  Freeport  age,  but  of  whicli  the 
evidence  favors  belonging  to  the  IMahouing  horizon.  As  a rule  the 
roof  of  the  Upper  Freeport  is  sandstone  and  of  the  fjower  Free]>ort 
shale.  A section  of  the  Upper  Freeport  2 miles  south  of  Sligo 
shows  3 feet  3 inches  of  coal  overlain  by  7 inches  of  bony  coal. 
The  section  of  the  Lower  Freeport  in  Mine  No.  11  of  the  Fairmount 
Coal  Company,  3 miles  north  of  New  Bethlehem,  shows  a total  of 
4 feet  24  inches,  with  inch  sulphur  parting  2 feet  24  inches  from 
the  top,  and  a similar  pai'ting  10  inches  from  the  bottom.  The 
Kittanning  group  of  coals  as  described  under  Stratigraphy  consists 
of  four  or  five  beds  to  which  may  be  applied  the  names  Upper  Ivit- 
tanning,  Gorman,  Middle  Kittanning,  Darlington  and  Tmwer  Kittan- 
ning, with  a small  bed  below  the  Lower  Kittanning  which  may  or 
may  not  be  a si>lit  of  that  bed.  The  uppermost  coal,  designated  the 
Upper  Kittaniiing  in  the  general  section,  is  fairly  persistent  and 
where  opened  averages  24  feet  in  thickness,  except  in  the  vicinity 
of  New  Bethlehem  where  two  sections  of  3 to  4 feet  were  measured. 
In  the  latter  case  there  are  sevei'al  bony  benches  which  largel.y  de- 
stroy the  value  of  the  coal.  The  coals  between  the  TTpper  Kittanning 
and  Lower  Kittanning  have  been  seldom  opened  and  on  account  of 
their  proximity  have  been  traced  with  some  difficulty.  It  is  only 
in  a few  places  that  all  of  them  seem  to  outcrop  in  a single  section. 

The  Lower  Kittanning  coal  is  the  most  important  of  the  quad- 
rangle. It  is  persistent,  uniform  in  thickness  and  widely  distrib- 
uted. Its  horizontal  position  is  indicated  on  the  accom])anving 
ma])  by  its  line  of  outcrop.  The  average  thickness  of  sixty-six  sec- 
tions is  3 feet.  Of  the  total  number  of  measurements,  nine  were 
under  24  feet  and  S over  34  feet.  No  regular  j)artiugs  occur  in 
the  coal  and  the  irregular  ones  are  thin,  few  of  them  being  over  4 
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inch  in  thickness.  In  about  one-half  of  the  sections  measured  no 
partings  were  noted.  From  (!  to  12  inches  below  the  top  of  the  coal, 
however,  occurs  a binder  of  splinty  character . from  to  2-^  inches 
thick,  which  is  readily  distinguished  on  fresh  faces  of  the  coal  and 
which  is  probably  x>ci‘sistent  nearly  everywhere.  No  attention  is 
paid  to  this  binder  in  mining.  At  many  places  the  upper  portion 
of  the  bed  consists  of  2 to  12  inches  of  bony  coal,  thus  making  the 
average  thickness  of  clean  coal  1 to  2 inches  less  than  3 feet.  In  all 
of  the  openings  examined  the  roof  is  shale  and  the  floor  clay.  It 
was  reported  that  this  coal  was  coked  for  use  in  some  of  the  old 
natural  draft  iron  furnaces  which  formerly  existed  in  Clarion  county, 
but  a recent  attempt  to  coke  it  in  some  experimental  ovens  near 
Kimersburg  is  reported  to  have  been  unsuccessful.  The  analyses 
show  that  the  coal  is  high  in  sulphur  and  moderately  high  in  ash. 
At  a distance  of  from  5 to  1.5  feet  below  the  Lower  Kittanning  occurs 
a bed  which  is  developed  only  in  the  northern  half  of  the  quad- 
rangle. This  is  either  a sjdit  from  the  Lower  Kittanning  or  a sepa- 
rate bed.  Tbe  fact  that  the  Lower  Kittanniug  is  seldom  if  ever  ap- 
preciably' reduced  in  thickness  favors  the  hypothesis  that  there  are 
two  beds.  This  coal  is  usually  less  than  2 feet  thick,  so  that  it  is 
hardly  a mining  proposition,  though  it  has  been  opened  in  a feAv 
I>laces.  The  Clarion  coals  in  the  southern  half  of  the  quadrangle 
are  of  little  or  no  commercial  importance.  Openings  south  of  May- 
port  and  3 miles  west  of  New  Bethlehem  show  26  and  27  inches  of 
coal  respectively.  In  the  northern  half  of  the  quadrangle  the  coal 
is  much  thicker,  ihe  average  of  four  sections  on  one  of  the  coals 
being  3^  feet.  The  Clarion  coal  in  this  region  lies  immediately  below 
the  pinkish  massive  sandstone  which  makes  many  flats  and  benches 
in  the  vicinity  of  Clarion  river  and  is  locally  known  as  the  “sul- 
phur” vein. 

The  Brookville  coal  lies  usually  about  90  feet  below  the  Lower 
Kittanning.  The  few  sections  indicate  that  it  is  thin  and  dirty  over 
most  of  the  quadrangle.  At  ^iigo,  however,  there  are  two  commercial 
mines  on  this  coal  in  which  the  bed  shows  a thickness  of  about  3 feet 
and  althougb  high  in  sulphur  has  a ready  sale  for  steam  purposes. 
The  extent  of  coal  having  this  thickness  and  quality  is  at  present 
not  definitely  known.  It  developed  however  3 feet  at  one  point 
northeast  of  New  Bethlehem  but  with  two  sulphur  partings. 

KITTANNING  QUADRANGLE. 

The  coals  of  the  quadrangle  are  those  belonging  in  the  Allegheny 
formation.  The  coal  lies  low  in  the  hills  at  the  south  edge  of  the 
quadrangle,  the  lowest  coals  being  below  drainage.  The  general 
northward  rise  carries  the  coals  higher  in  the  hills,  until  at  the 
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uortli  edge  of  the  quadi-augle  the  uppermost  coal,  the  Upper  Free- 
port, occurs  high  iu  the  hills,  and  near  the  river  is  caught  only  by 
the  higher  hilltops.  The  uuderlyiug  coals  outcrop  in  the  hills  in  the 
si>ace  of  300  feet.  The  Lower  Kittanning  coal  reaches  the  level 
of  flood  plain  of  Allegheny  river  at  Kittauning.  The  rise  from  the 
south  to  the  north  is  not  steady,  but  much  aft'ected  by  the  structure. 

The  Upper  Freeport  coal  is  next  to  the  Lower  Kittanning  the 
most  valuable  coal  iu  the  quadrangle.  It  is  worked  commercially 
only  at  Karns.  It  was  formerly  extensively  mined  near  East  Brady, 
and  over  a considerable  area  southeast  of  Kittauning.  At  Karns 
it  is  a solid  coal  51  inches  thick.  Above  the  railroad  tunnel  on  Long 
Run  it  is  50  inches,  and  one-half  mile  east  of  Feuelton  it  is  45  inches, 
overlain  by  9 inches  of  coah"  shale.  It  is  50  inches  thick  at  Brady  's 
Bend,  with  a 3-inch  shale  pai’ting  and  small  benches  of  coal  above 
and  below.  One  mile  west  of  Sherratt  it  is  45  inches  thick,  with 
2 inches  of  shale  18  inches  from  the  bottom.  Two  miles  northeast 
of  Kittanuiug  it  is  48  inches  thick,  with  2 inches  of  bone  10  inches 
from  the  bottom.  Over  the  quadrangle  iu  general  it  v/ill  range  from 
2 feet  to  3 feet  or  more.  Iu  many  places  the  upper  part  of  the  coal 
is  shaly,  and  iu  some  cases  almost  or  quite  all  of  the  coal  is  shaly. 

The  Lower  Freeport  coal,  as  far  as  known,  is  workable  only  iu 
comparatively  small  areas.  The  largest  of  these  extends  along  Glade 
run  on  the  south  border  of  East  Franklin  township  to  Cowansville, 
and  thence  possibly  through  the  hilltops  to  Peach  Hill.  It  is  about 
5 feet  thick  in  the  tunnel  1 mile  southwest  of  Cowansville,  and  4 
feet  iu  a cut  midway  from  Cowansville  to  Adrian.  It  was  formerly 
mined  near  Kittanuiug,  and  it  is  probably  workable  over  considera- 
ble areas  in  South  Donegal  and  North  Clearfield  townships.  It  is 
mined  commercially  only  at  Cowansville. 

The  Upper  Kittanuiug  coal  is  usually  a mere  streak  only  a few 
inches  thick,  but  locally  swells  out  to  a workable  thickness.  At 
Summerville  it  shows  2 feet  of  bituminous  coal  at  the  outcrop,  but 
thickens  rapidly  to  5 feet  in  the  mine.  The  coal  is  underlain  by  a 
bed  of  cannel  shale  of  no  value,  which  thickens  until  7 feet  thick, 
making  12  feet  for  the  bed  as  a Vvdiole.  It  has  been  mined  at  Kayler, 
14  miles  northeast  of  Marrows  Corner  near  Sherratt  and  Adrian, 
and  on  to  the  Allegheny  river  near  Cowansville  and  on  Long  Run. 
It  appears  to  be  very  irregular,  and  is  known  as  the  “Pot’’  vein. 

The  iMiddle  Kittanning  coal  is  nearly  5 feet  thick  one  mile  south 
of  Wattersonville,  and  it  shows  a thickness  of  15  inches  north  of 
Ap])lewold.  Otherwise  little  is  known  of  it. 

The  Lower  Kittanning  coal  is  the  most  persistent  and  valuable 
bed  of  the  quadrangle.  It  is  of  minable  thickness  wherever  found. 
From  its  low  position  in  the  hills  it  underlies  nearly  the  whole 
quadrangle. 
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It  is  rarely  less  than  2^  feet  thick,  and  generally  runs  nearer  3-^-, 
even  reaching  4 feet  occasionally.  It  is  often  much  broken  up  by 
shale  partings,  which  impair  its  purity,  and  it  is  sulphury  in  places. 
It  is  mined  commercially  at  River  View  or  Cosmos,  at  the  Monarch 
mines  north  of  the  Allegheny  river  1 mile  above  the  mouth  of  Red 
Bank  creek,  and  on  the  south  side  of  the  Allegheny  river  below 
Rhilij)sburg.  In  1903  large  operations  near  Kayler  were  in  pros- 
pect. It  is  used  at  Kittiinuing  in  the  manufacture  of  brick. 

In  the  Clarion  group  are  two  coals.  The  upiier  bed  is  from  15 
to  20  feet  below  the  Vanpoi-t  limestone.  It  is  3 feet  8 inches  thick 
at  West  Greenfield.  It  is  2 feet  thick  northwest  of  Craigsville,  but 
in  general  does  not  appear  to  be  a coal  of  any  value.  Forty  to  50 
feet  below  the  l^anjiort,  and  25  feet  below  the  coal  just  described  is 
a coal  locally  known  as  the  Craigsville.  It  is  3 feet  thick  2 miles 
northwest  of  Craigsville.  This  bed  was  seen  at  many  points  west 
if  Craigsville,  but  not  generally  through  the  quadrangle. 

The  Brookville  coal  is  reported  3 feet  2 inches  thick  opposite 
the  mouth  of  Long  run  in  West  Franklin  township,  but  worthless. 
In  general  it  appears  to  be  of  little  value. 

RURAL  VALLEY  QUADRANGLE. 

The  coals  iii  this  quadrangle  belong  in  the  Allegheny  formation. 
They  are  below  drainage  in  the  southeast  corner,  and  the  Upper 
Freeport  is  above  the  hilltops  in  the  northwest  corner.  In  general, 
however,  the  coals  occupy  the  lower  slopes  of  the  hills  and  underlie 
most  of  the  (piadrangle.  This  is  especially  true  of  the  lower  coals. 

The  Brush  creek  coal  has  a thickness  of  20  inches  to  2^  feet 
locally,  and  has  been  mined  on  a small  scale.  It  is  probably  not 
workable  over  much  of  the  quadrangle. 

The  Ujiper  Free])ort  coal  is  by  far  the  most  valuable  coal  in  the 
quadrangle,  although  its  area  is  less  than  that  of  any  other.  The 
coal  is  reported  to  be  excellent  for  steaming  or  heating,  but  is  too 
sulphury  for  gas  making  or  coke.  It  is  locally  affected  by  “rock 
faults”  or  “rolls.”  These  are  sometimes  true  sandstone  horsebacks. 
In  other  places  coal  and  shale  replace  each  other  within  short  dis- 
tances. At  New  Bethlehem  the  coal  is  4 feet  thick  without  part- 
ings. At  the  Red  Bank  mine  it  is  the  same  thickness,  but  has  0 
inches  of  bone  on  top.  At  the  Oak  Ridge  mine  it  is  3 feet  5 inches. 
Over  the  rest  of  the  quadrangle  it  shows  great  uniformity,  ranging 
from  3 feet  to  G feet  G inches,  sometimes  solid,  but  often  ivith  thin 
](artings,  and  at  the  Yatesborough  mines  showing  two  i)artings  at 
Ihe  lo]).  Thus  north  of  Ueanville  it  is  52  inches;  one  mile  east  of 
Tenqdeton  it  is  35  inches;  east  of  Goheenville  44  inches;  near 
McCrea  Furnace  47  inches ; southwest  of  Putneyville  46  inches ; east 


PTATE  of  PENNSYLVANIA. 


245 


of  Charleston  47  indies;  northeast  of  Mult'  52  inches;  14  miles  west 
of  Dayton  48  inches;  southeast  of  Echo  49  inches;  at  Mosgrove  42 
inches;  at  Cowanshannock  creek  t!2  inches;  east  of  McNees  44  inches; 
west  of  Blanket  Hill  25  inches;  Yatesborongli  mines  from  32  inches 
to  42  inches  of  miuable  coal;  at  Blanco  48  inches  of  coal;  at  Garrett 
run  78  inches;  east  of  Heilman  47  inches.  This  coal  is  mined  com- 
mercially at  Yatesborongli,  Mosgrove  and  near  North  Bethlehem. 
The  Lower  Freeport  coal  is  more  variable  than  the  Upper  Free- 
port. It  is  generally  a bright,  clean  coal,  and  where  workable  varies 
from  2 to  4 feet.  It  lies  35  to  GO  feet  below  the  Upper  Freeport.  It 
has  been  worked  around  New  Bethlehem,  where  it  is  3^  to  4 feet 
and  up  to  G feet  thick,  but  badly  cut  up  by  clay  veins.  It  is  rex»orted 
5 feet  thick  IJ  miles  northwest  of  Goheenville.  Around  Echo  and 
Oscar  it  is  from  2 to  2^  feet  thick.  On  Cowanshannock  creek  it  is 
very  imre  and  of  fair  thickness,  ranging  about  30  inches.  This 
coal  is  worked  commercially  only  in  the  northeast  corner  of  the 
quadrangle. 

The  Upper  Kittanning  coal  is  an  important  coal  in  the  north- 
east corner  of  the  quadrangle.  Its  general  thickness  varies  from  a 
few  inches  to  3 feet,  but  in  local  basins  of  small  extent  it  is  10  to 
15  feet  thick.  In  these  basins  the  bed  consists  of  one  or  two  benches 
of  caunel  and  of  bituminous  coal.  Thus  at  the  Bostonia  mine  the 
bed  shows  8 feet  of  cannel  over  2 feet  of  bituminous  coal.  As  usual 
the  cannel  coal  occurs  in  narrow  basins,  holding  its  thickness  along 
the  main  entry,  but  pinching  out  either  side.  Near  Putneyville  this 
coal  shows  5 feet  of  caunel  shale,  1 foot  of  bituminous  coal,  7 feet 
of  connel  coal,  2 feet  of  bituminous  coal,  a total  of  15  feet.  It  is 
also  thick  on  the  east  side  of  IMuddy  and  east  of  Charleston.  While 
this  so-called  cannel  has  all  the  ap{)earance  of  cannel,  analy.ses  would 
indicate  that  it  was  chemically  a high  ash  bituminous  coal,  as  it 
shows  from  30  to  37  per  cent,  of  volatile,  and  4G  to  53  per  cent, 
of  fixed  carbon,  and  G to  2 i)er  cent,  of  ash.  On  Pine  creek  this  coal 
is  fairly  i)ersistent,  and  of  moderate  thickness, — from  2 to  5 feet.  It 
was  once  mined  extensively  for  coke  near  Pine  Furnace.  It  is  2 
feet  8 inches  thick  near  Echo,  and  from  18  inches  to  3 feet  on  Cow- 
anshannock creek.  Outside  of  the  areas  mentioned  it  does  not  give 
jiromise  of  yielding  more  than  1^  to  2 feet  of  coal. 

The  Middle  Kil tanning  coal  is  not  an  important  bed  in  this  quad- 
rangle, though  it  reaches  3 feet  or  better  in  some  places.  Near 
Mahoning  Furnace  it  is  3 feet  or  less  thick.  Above  Echo  it  is  2 to 
3 feet,  and  is  reported  5 feet.  In  general  it  is  probably  18  inches 
or  less  in  thickness. 

The  Lower  Kittanning  coal  is  one  of  the  most  important  coals  of 
the  quadrangle.  It  is  thickest  in  the  part  of  the  quadrangle  west  of 
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tlie  line  drawn  roughly  from  Kellersburg  to  Kittanning.  Over  a lim- 
ited area  near  New  Eetlilehem  and  along  Mahoning  creek  from  Pnt- 
neyville  eastward  and  south  of  Mahoning  creek  to  near  Belknap,  the 
coal  shows  a thickness  of  from  2 to  4 feet,  with  an  average  whei’e  work- 
able of  about  3 feet.  It  has  usually  no  thick  partings,  though  some- 
times broken  up  with  thin  partings,  and  occasionally  shows  bone  on 
top.  It  lies  low  in  the  hills,  so  that  it  underlies  nearly  all  of  the 
ciuadrangle.  In  the  southeast  corner  of  Mahoning  township  this  coal 
api)ears  to  be  split  into  three  benches  included  in  an  interval  of 
34  feet.  It  is  possible  Ihe  upper  bench  represents  the  Darlington 
coal  of  farther  west,  and  the  bottom  bench  the  coal  below  “B”  in 
the  Clarion  quadrangle. 

The  Clarion  coals  do  not  appear  to  be  of  Avorkable  thickness  in 
this  quadrangle. 

The  Brookville  coal  appears  to  be  of  Avorkable  thickness  only 
along  Ihe  u]>per  portion  of  Mahoning  creek.  It  varies  in  thickness 
from  2 to  4 feet  in  tAvo  benches  separated  near  the  middle  by  a part- 
ing 2 to  8 inches  thick.  It  is  hard,  lustrous  and  splinty.  Outside 
of  that  area,  Avhile  generally  present,  the  indications  are  that  it  is 
thin  and  Avorthless. 

ELDERS  RIDGE  QUADRANGLE. 

The  Elders  Ridge  syncline  in  this  quadrangle  carries  the  rocks 
doAvn  so  that  about  14  square  miles  of  the  Pittsburg  bed  have 
been  preserved.  Nearly  the  Avhole  quadrangle  is  undeidain  by  Alle- 
gheny coals  Avhich  are  exposed  in  the  A'alleys  or  brought  up  with  the 
structure. 

The  Pittsburg  coal  occupies  an  irregular  basin  in  the  south  cen- 
tral part  of  the  quadrangle.  It  is  divided  into  three  large  blocks 
and  several  smaller  ones  by  Whiskey  run,  Big  run  and  other  streams. 
The  Jacksonville  anticline  brings  up  the  T'pper  Allegheny  coals  about 
Jacksonville  and  about  Altmans  and  Reeds  runs  and  their  tribu- 
taries in  the  southeastern  corner  of  the  quadrangle.  On  the  north- 
western half  of  the  quadrangle  the  structure  is  high  and  the  Alle- 
gheny coals  outcrop  along  the  Amlley  of  Crooked  run  and  its  tribu- 
taries and  on  Roaring  creek.  The  Dutch  run  anticline  brings  up 
an  area  of  Upper  Freeport  coal  on  Dutch  Run. 

The  SeAvickley  coal  sIioavs  an  outcrop  near  the  center  of  the  Elders 
Ridge  Syncline.  Exposures  do  not  indicate  a thickness  of  more 
than  2 feet  though  it  is  rejAorted  to  haA’e  shoAAui  OA'er  5 feet  near 
Elders  Ridge,  but  it  is  much  broken  up  Avith  partings. 

The  Pittsburg  coal  in  this  quadrangle  occu]des  a basin  f>  miles 
long  by  34  miles  Avide  Avith-  an  average  thickness  of  7 feet.  In  parts 
of  this  basin  this  coal  is  clean  and  almost  Avithout  partings;  in 
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other  places  it  is  slialy  aud  has  many  partings.  Including  the  roof 
coal  it  sometimes  reaches  a thickness  of  10  feet.  Generally,  as 
elsewhere,  the  roof  coal  is  not  taken  on  account  of  the  thin  beds  of 
hard  shale  it  contains  and  the  tender  character  of  the  shales  over 
it.  The  best  sections  of  the  coal  show  nearly  7 to  9 feet  of  coal 
with  one  parting  of  not  more  than  1 to  0 inches  of  shale.  The  poorer 
sections  may  show  the  bed  broken  uii  into  three  or  four  benches 
with  partings  that  would  aggregate  li  feet  of  shale. 

The  Upper  Freeport  or  “4-foot”  bed  as  it  has  been  called,  has  a 
long  line  of  outcrop  especially  in  the  drainage  of  Crooked  creek. 
It  will  average  a little  under  4 feet  in  thickness,  the  extremes  being 
27  inches  and  55  inches.  The  coal  is  everywhere  shaly  and  high 
in  sulphur.  On  Coal  run  and  Altmans  run  it  will  range  from  3 
feet  G inches  to  4 feet  7 inches,  and  average  4 feet.  The  sections 
show  3 inches  of  bone  and  shale  6 inches  from  the  bottom.  On  Roar- 
ing run  it  is  persistently  4 feet  thick  wih  a 1 inch  parting.  One 
mile  west  of  Long  run  this  bed  shows  a thickness  of  7 feet  2 inches 
including  15  inches  of  parting  3 feet  8 inches  from  the  bottom.  On 
Plum  creek  in  the  northeastern  quarter  of  the  quadrangle  the  coal 
measures  2 feet  10  inches  to  3 feet  G inches.  In  the  northwestern 
part  of  the  quadrangle  the  coal  ranges  from  3-1  to  41  feet,  thinning 
locally  to  27  inches. 

The  Lower  Freeport  on  Neal  run  near  Jacksonville  reaches  a thick- 
ness of  5 feet  2 inches.  At  most  points  where  seen  it  will  not  meas- 
ure more  than  2 feet  in  thickness.  The  coal  is  firm,  mining  out  in 
large  blocks  resembling  a block  coal  not  only  in  that  way  but  in 
the  dull  layers  and  bands  of  mother-of-coal.  Analysis  shows  a good 
steam  coal,  and  though  a little  high  in  ash  and  sulphur,  it  is  a good 
coking  coals. 

The  Upper  Kittanning  coal  is  2 feet  thick  on  Crooked  creek  but 
elsewhere  it  deci^eases  to  a 'mere  streak.  The  Lower  Kittanning 
is  below  water  level  on  Crooked  creek.  Below  South  Bend  it  shows 
a thickness  of  2^  to  3 feet  but  the  sections  show  the  coal  so  l)adly 
broken  up  with  dirt  bands  as  to  be  nearly  or  quite  worthless. 

LATROBE  QUADRANGLE. 

The  Latrobe  quadrangle  contains  all  of  the  coal  measures  from 
the  bottom  of  the  Dunkard  down.  The  Waynesburg  coal  occupies  a 
couple  of  hilltops  between  Klondike  and  Hostetter  in  the  Latrobe 
syncline.  The  Pittsburg  coal  occupies  a narrow  belt  across  the  south- 
east half  of  the  quadrangle  folloAving  the  Latrobe  syncline.  The 
Greensburg  syncliue  brings  in  another  small  area  extending  paid 
way  across  the  quadi’angle  and  in  the  northwest  corner  the  Elders 
Ridge  syncline  is  responsible  for  a small  volume  of  Pittsburg  coal 
under  the  hilltops. 
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The  Allegheny  coals  are  brought  to  outcrop  in  the  southwest 
part  of  the  quadrangle  by  the  Chestnut  Ridge  anticline  and  they 
underlie  practically  all  the  rest  of  the  quadrangle. 

The  Waynesburg  coal,  as  stated,  occupies  only  a very  limited 
area  where  it  shows  a section  of  4 feet.  It  is  shaly  throughout  and 
of  little  value,  and  as  the  same  is  true  of  the  other  beds  above  the 
Pittsburg  in  this  area,  they  may  be  omitted  from  any  estimate  of  the 
coal  resources  of  the  quadrangle. 

The  Pittsburg  coal  shows  somewhat  the  same  tyiiical  section  as 
in  the  main  field  to  the  southwest.  The  roof  coal  is  sometimes  lack- 
ing but  is  generally  present  with  a thickness  of  from  6 inches  or 
less  up  to  4 feet.  It  is  usually  broken  up  so  as  to  be  worthless. 
The  main  clay  runs  from  4 inches  to  1 foot  9 inches,  usually  being 
a little  over  1 foot.  The  lower  division  runs  from  7 feet  to  over  8 
feet  in  thickness;  the  “beariiig-in”  is  from  3 to  10  inches  thick;  the 
“breast”  coal  from  4 to  5 feet  thick,  the  top  few  inches  often  being- 
bony;  the  “bottom”  coal,  including  the  “brick”  coal  is  from  2 feet 
to  3 feet  6 inches.  Of  this  the  “brick”  coal  usually  runs  from  6 
inches  to  1 foot.  The  coal  from  near  Blairsville  yielded  (McCreath) 
the  following  analysis : 


Moisture,  1.85 

Volatile  matter 27.38 

Fixed  carbon 49.84 

Sulphur 3;01 

Ash 19.01 


In  the  Conemangh  formation  the  Gallitzin  coal  shows  a thick- 
ness of  2 feet  just  off  the  south  margin  of  the  quadrangle.  The  coal 
which  apjiears  to  be  either  the  Elk  Lick  or  Bakerstown  along  Dry 
Ridge  Avest  of  Latrobe  has  at  one  jilace  a thickness  of  3 feet  9 inches. 

The  Upper  Freeport  coal  is  decidedly  tlie  most  important  of  the 
Allegheny  coals  in  this  quadrangle.  It  has  been  extensively  pros- 
pected and  Avorked  along  both  sides  of  Chestnut  Ridge  and  at  many 
points  on  the  crest.  The  coal  sIioaaas  a thickness  of  from  4 feet  to 
OA’cr  8 feet.  Unsually  it  has  clay  or  shale  partings  of  from  1 inch 
to  2 feet,  though  av'eraging  but  a fcAV  inches.  The  coal  appears  to  be 
loAV  in  ash  but  high  in  sulphur, — OATr  2.  ISiotAvithstanding  this  it 
seems  destined  to  become  an  important  source  of  coal  after  the 
exhaustion  of  the  Pittsburg  bed. 

The  Lower  Freeport  has  been  but  little  prospected  and  not  much 
is  knoAvn  of  it.  It  is  4 feet  10  inches  on  Elders  Ridge  including 
8 to  12  inches  of  shale,  and  is  repoiffed  3 feet  thick  on  Loyalhanna 
creek. 

The  Kittanning  group  of  coals  has  been  prospected  but  little  and 
Avhile  detached  openings,  outcrops  and  drillings  indicate  the  general 
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presence  of  beds  from  2 to  0 feet  thick  in  this  position,  the  data 
are  too  meagre  to  correlate  so  as  to  arrive  at  any  general  conclusion 
in  regard  to  their  value.  Ajipareutly  the  Upper  Kittanning  is  the 
most  persistent  and  valuable  of  the  group  in  this  region. 

The  coals  of  the  Clarion  group  are  poorly  exposed  and  seldom 
seen.  Apparently  they  are  nor  of  -workable  tbickness. 

INDIANA  QUADRANGLE. 

The  Conemaugh  and  Allegheny  coals  outcrop  in  this  quadrangle. 
The  Allegheny  coals  underlie  nearly  the  whole  quadrangle.  They  are 
exposed  along  Chestnut  Ridge  and  in  some  of  the  valleys  they  are 
brought  up  by  the  anticlines.  The  coals  in  the  Conemaugh  usually 
measure  onlj^  a ferv  inches. 

The  jMahoning  coal,  tIO  feet  above  the  U])per  Freeport,  reaches 
a barely  workable  thickness  of  2 feet  on  Lower  Pine  Run.  And  near 
Gaibleton  the  Gallitzin  coal  reaches  a reported  thickness  of  3 feet 
on  the  headwaters  of  Crooked  creek  and  toward  Two  Lick  creek.  Tt 
is  from  100  to  130  feet  above  the  LTpper  Freeport. 

The  Upper  Freeport  cool  is  much  the  most  imoprtant  of  the  Alle- 
gheny coals.  While  locally  absent  or  thin  it  reaches  a thickness 
of  5 to  7 feet  over  considerable  areas,  and  is  the  cause  of  some  of 
the  most  extensive  mining  plants  in  the  State.  As  a rule  this  coal 
is  in  two  benches,  of  which  the  lower  is  the  thicker,  separated  by 
4 to  10  inches  of  shale.  At  Graceton  the  upper  bench  is  2 feet  0 
inches  and  the  lower  3 feet  0 inches  thick,  se])arated  by  S inches  of 
shale;  on  Tearing  run  the  two  benches  are  respectively  1 foot  7 
inches  and  3 feet  9 inches  thick,  with  8 inches  of  shale  parting.  At 
the  Gable  mine  the  parting  is  bone,  8 inches.  The  benches  are  1 
foot  2 inches  and  3 feet  5 inches.  On  Two  Lick  creek  the  benches 
are  2 feet  3 inches  and  4 feet  2 inches  with  10  inches  of  shale  be- 
tween. Kear  Greenville  there  are  two  partings,  the  upper  3 to  0 
inches  coming  to  8 to  9 inches  from  the  top,  and  the  lower  1 to  3 
inches  thick  coming  8 to  10  inches  from  the  bottom.  The  middle 
bench  of  the  coal  is  about  2 feet  thick.  Opposite  Chambersville  the 
benches  are  1 foot  6 inches  and  3 feet  with  6 indies  of  shale  between. 
On  McICees  run  they  are  1 foot  6 inches  and  3 feet  8 inches  with  0 
to  12  inches  of  shale  between. 

The  Lower  Freeport  coal  does  not  appear  to  be  x>ersistent  or  thick 
in  this  quadrangle.  As  far  as  known  it  i.‘  minable  only  in  the 
northeast  part  of  the  quadrangle  near  Dixon  and  Rayne  runs.  The 
coal  in  that  district  varies  from  3 feet  0 inches  to  4 feet  4 inches. 

The  Kittanning  coal  group  is  in  general  represented  in  this  quau- 
rangie  only  by  the  Lower  Kittanning.  Thin  coals  in  the  drillings 
indicate  the  presence  of  other  coals  here  and  there.  The  Lower 
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Kittanuing  undei-lies  practically  all  of  the  quadrangle.  Where  meas- 
urements are  possible  the  coal  shows  a thickuess  of^  from  to  7 
feet.  Like  the  Upper  Freeport  it  is  usually  in  two  benches  separated 
by  about  1 foot  of  shale.  In  this  case  the  upper  bench  is  the  thicker. 
For  example,  on  Eamsey  run  it  shows: 


Coa] 3 feet  8 inches. 

Shale,  1 foot  4 inches. 

Coal,  1 foot  2 inches. 

At  Lydicks  on  Allen  run  it  shows : 

Coal 3 feet  6 inches. 

Shale 1 foot 

Coal,  2 feet  6 inches. 


As  far  as  known  the  other  coals  of  the  Allegheny  are  not  worka- 
ble. 


JOHNSTOWN  QUADRANGLE. 

The  coals  of  this  quadrangle  are  those  of  the  Allegheny  formation. 
tSix  coals  are  locally  v/orkable,  but  not  more  than  four,  and  usually 
not  more  than  two  on  three,  are  persistently  valuable.  The  upper- 
most of  these  is  the  Upper  Freeport  or  “E”  coal  (the  ‘Toke  yard”  coal 
about  Johnstown  and  the  “Lemon”  coal  at  South  Fork).  This  coal 
is  used  for  domestic  and  steam  puiqioses,  but  expands  in  coking 
so  as  to  not  serve  Avell  for  that  use.  It  is  high  in  ash  and  sulphur. 
Forty-five  to  70  feet  below  is  the  Lower  Freeport  or  “I)'’  coal  (“lime- 
stone bed”),  which  at  present  is  little  mined  in  this  quadrangle. 
Eighty  to  105  feet  below  the  Upper  Freeport  is  the  Upper  Kittan- 
ning Or  “C”  coal  (“cement  bed”),  which  is  one  of  the  most  persistent 
and  valuable  beds  in  the  quadrangle.  It  makes  a good  steam  coal 
and  is  successfully  coked.  The  Middle  Kittanning  is  usually  not 
workable  here.  From  180  to  200  feet  below  the  Upper  Freeport  is 
the  Lower  Kittanning  (“Miller,”  “white  ash,”  or  “B”  bed),  which 
is  the  most  persistent  and  valuable  bed  in  the  area.  It  is  a high 
grade  steam  coal,  one  of  the  best  in  the  State  and  is  successfully 
coked  after  washing  with  fairly  good  results.  Sixty-five  feet  below 
Ihe  Miller  bed  is  the  Brookville  coal,  with  the  Clarion  coal  a short 
distance  above. 

Jolinsioivn  District.  The  “E,”  “D,”  “0”  and  “B”  coals  are  worka- 
ble about  Johnstown.  The  “E”  coal  shoAvs  a thickuess  of  3 to 
feet,  with  a loAver  bench  beloAv,  1 to  0 inches  thick,  separated  from  the 
main  bench  by  1 to  G inches  of  bone  and  shale.  The  “D”  coal  is  not 
Avorked  at  present  in  this  district.'  Along  Stony  creek  it  showed: 
Coal,  12  inches;  parting,  1 inch;  coal,  22  inches;  parting,  1 inch; 


A.  Outcrop  of  “C”  coal  on  Baltimore  and  Ohio  Railroad,  south  of 
Moxhom, 


B.  Contemporaneous  erosion  affecting-  coal  “D"  and  allowing  sand- 
stone to  replace  upper  part  of  coal.  Coal  at  left  43  inches  thick;  at 
center  14  inches;  at  latter  point  the  upper  bench  of  coal,  1 foot  thick, 
has  been  entirely  removed.  Baltimore  and  Ohio  Railroad  opposite 
Loraine  Steel  Company’s  Plant,  Johnstown. 


Plate  XI.  Coal  in  Johnstown  quadrangle.  (Photo  by  G.  H.  A.) 
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coal,  4 inches.  The  roof  is  bone  and  black  shale,  with  sandy  shale 
or  sandstone.  See  B,  plate  XI.  The  Upi)er  Kittanning  or  “C”  coal 
lies  at  a convenient  height  above  drainage  for  exploitation  about 
Johnstown,  where  it  is  the  bed  most  largely  exploited.  It  has  a 
thickness  of  from  3 to  5 feet,  with  a shale  and  sandstone  roof  and 
a floor  of  shale  or  limestone.  It  averages  between  3 and  3|-  feet 
thick,  but  thickens  to  5 feet  along  Stony  creek  toward  Windber. 
See  A,  Plate  XI.  The  Lower  Kittanning  coal  is  below  drainage  just 
at  Johnstown,  where  it  is  worked  by  slopes  or  shafts.  It  rises  above 
drainage  east,  west  and  south  of  the  city.  It  shows  a main  bench 
of  about  3|  feet  of  coal,  with  often  a lower  bench  of  uii  to  14  inches, 
below  a parting  of  G to  14  indies.  It  has  a good  roof  of  shale  or 
sandstone  and  an  irregular  floor  of  shale  or  clay.  The  under  clay 
is  mined  at  many  of  the  mines. 

South  Fork  District.  The  iUlegheny  coals  rises  above  drainage 
just  east  of  Ehrenfeld  and  at  South  Fork.  The  “E’’  coal  consists 
of  two  benches  or  of  three,  of  which  only  the  Iwo  lower  are  worka- 
ble. The  Upper  bench  is  from  1 to  2 feet  thick,  and  the  lower  from 
IJ  to  2 feet.  The  bone  or  shale  parting  is  from  1 to  2 inches  thick, 
and  is  very  persistent.  The  Tapper  Kittanning  coal  is  from  3 to  34 
feet  thick,  with  the  cement  limestone  appearing  S or  9 inches  below. 
The  Lower  Kittanning  coal  IGO  feet  below  the  Upper  Freeport  is 
the  most  extensively  worked  coal  in  tlie  district.  It  shows  a main 
bench  3J  to  4^  feet  thick,  with  a lower  bench  2 to  3G  inches  thick 
below  a parting  of  1 to  1.5  inches.  The  roof  and  floor  are  as  in  the 
Johnstown  District.  The  Brookville  coal  shows  a thickness  of  3 
feet  G inches  near  South  Fork. 

Black  Lick  District.  All  the  coals  rise  above  drainage  from  Vin- 
tondale  eastward  to  Nant-y-Glo.  Mining  at  Wehrum  is  by  shaft. 
The  -‘E”  coal  is  from  3 to  34  feet  thick  in  two  benches  separated  by 
the  small  bony  parting  1 to  3 inches  thick,  with  a bony  floor.  The 
Middle  Kittanning  shows  33  inches  near  Twin  Rocks.  The  LoAver 
Kittanning  is  the  main  bed  of  the  district.  Its  section  here  is  simi- 
lar to  its  section  in  the  other  districts;  A main  bench  34  to  4 feet 
thick,  Avith  one  or  tAvo  thin  and  irregular  benches  beloAV. 

Windhcr  District.  This  district  just  OA’erlaps  the  south  edge  of 
the  quadrangle.  The  Allegheny  coals  are  above  drainage,  but  only 
one,  the  Lower  Kittanning,  is  worked.  The  Tipper  Kittanning  coal 
shows  a clean  face  4-|  to  G feet  in  thickness  under  a firm  shale  roof. 
North  of  Windber  the  Upper  and  LoAver  Freeport  coals  aboAT  this 
haA^e  been  little  prospected.  The  Lower  Kittanning  here  is  a very 
high  grade  coal  Avith  low  ash  and  sulphur.  It  is  about  34  feet  thick, 
not  including  a lower  bench  3 to  S inches  thick  lying  3 to  24  inches 
below  the  worked  bench.  It  lies  low  in  the  hills,  so  that  it  is  mined 
by  drifts. 
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EBENSBURG  QUADRANGLE. 

There  are  eleven  coal  horizons  in  the  Ebensbnrg  quadrangle  in- 
cluding -what  may  be  the  Pittsburg  coal  in  the  Wilmore  basin,  the 
Gallitzin  coal  in  the  Conemangh,  the  “E,”  “D,”  “C,"  “B\”  “B,” 

and  “A”  in  the  Allegheny,  and  the  Mercer  coal  in  the  Pottsville 
formation. 

The  Allegheny  coals  underlie  practically  all  of  the  northwest  half 
of  the  quadrangle,  the  outcrop  of  the  formation  forming  a nearly 
straight  line  from  the  northeast  corner  to  the  southwest  corner. 

The  so-called  Pittsburg  coal  occurs  only  in  the  high  hill  south 
of  Wilmore  where  it  has  a thickness  of  2 feet  8 indies  including 
4 inches  of  shale.  The  Gallitzin  coal  has  a tliickness  of  only  15  inches 
or  under. 

The  U])per  Freeport  (E  or  Lemon  seam)  is  everywhere  a workable 
and  valuable  bed  along  its  outcrop.  It  is  elsewhere  characterized 
by  a hard  parting  12  to  IS  inches  from  the  bottom.  The  coal  runs 
from  2 feet  to  5 feet  in  thickness,  most  of  the  ^section  showing  over 
4 feet.  The  parting  is  shale  sometimes  with  bone  or  coal  from  3 
to  G inches  thick.  The  coal  has  a fuel  ratio  of  from  2.5  to  3.5  or 
over.  The  fixed  carbon  runs  from  G4  to  74  per  cent.,  the  volatile 
matter  from  17  to  20  per  cent.,  the  ash  from  5 to  S per  cent.,  the 
sulphur  from  .94  to  3.34  per  cent.,  and  the  moisture  from  .71  to  1.41. 

The  Lower  Freeport  coal  appears  to  be  generally  under  2 feet 
thick  though  reaching  3 feet  G inches  in  a drilling  south  of  Llanfair. 

The  LTpper  Kittanniug  is  locally  workable  having  a thickness  on 
Trout  run  of  7 feet  2 inches,  of  Avhich  3 feet  7 inches  is  in  one  bench. 
In  the  Bennington  shaft  it  is  2 feet  10  inches;  in  the  Sonman  shaft 
2 feet;  in  the  Yellow  Run  shaft  2 feet  6 inches.  It  does  not,  how- 
ever, appear  to  be  generally  workable. 

The  Middle  Kittanniug  is  rarely  of  workable  thickness.  In  the 
Bennington  shaft  it  shows  2 feet  8 inches,  including  G inches  of 
clay  G inches  from  the  top. 

The  Lower  Kittanning,  as  far  as  known,  is  a workable  bed  through- 
out its  outcrop  across  the  quadrangle  and  is  very  uniform  in  thick- 
ness and  character;  it  averages  3-^  feet  mostly  clean  coal.  Locally 
there  is  a layer  of  bone  at  the  top  which  may  reach  a thickness  of  1 
foot.  At  other  points  the  parting,  of  shale,  occurs  in  the  middle  of 
the  bed.  The  coal  is  relatively  soft,  very  lustrous,  and  like  most 
coals  close  to  the  Allegheny  front,  it  is  long-grained,  cleaving  into 
long  prismatic  columns.  It  has  about  the  same  composition  as  the 
TTpper  Freeport,  already  given.  It  is  largely  used  as  a steamboat 
fuel,  going  to  the  Atlantic  for  that  trade,  or  even  to  Alaska. 

Less  than  20  feet  above  the  ■TI”  coal  is  a persistent  bed  of  coal 
that  on  Bens  creek  reaches  a thickness  of  3 feet  7 inches  to  4 feet, 
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including’  3^  inches  of  clay  5^  inches  from  the  bottom.  The  clay  is 
usually  thin, — 1 foot  or  less,  though  reported  3 feet  10  inches  in 
the  Sonniau  shaft. 

The  Brookville  is  locally  of  considerable  thickness.  At  Benning- 
ton it  is  4 feet  thick  but  somewhat  broken  up.  Over  the  quadrangle 
in  general  it  appears  to  be  worthless. 

The  Mercer  coal  of  the  Bottsville  appears  to  be  of  workable  thick- 
ness locally,  as  at  the  Eleanor  mine  above  Martindale. 

The  coals  of  the  quadrangle  are  known  only  along  the  eastern 
margin  of  the  IVilmore  basin.  Their  character  in  the  center  of  the 
basin  is  conjectural,  yet  as  they  ai)pear  to  have  much  the  same 
character  on  the  Avestern  side  of  the  basin  at  South  Fork,  there  is 
good  reason  for  believing  that  they  preserve  their  character  and 
thickness  under  much  or  all  of  the  basin. 

BARNESBORO  AND  PATTON  QUADRANGLES. 

The  rocks  of  these  two  quadrangles  include  probably  all  of  the 
Conemaugh  and  the  underlying  rocks.  The  coals  of  value  belong  in 
the  Allegheny  formation. 

Upper  Freeport  Coal.  This  is  not  extensively  developed  except 
near  Barnesboro.  It  has  a columnar  structure,  is  rather  hard,  sIioavs 
a bright  fracture,  and  is  generally  free  from  sulphur  and  iron  nod- 
ules. In  the  areas  Avhere  it  is  being  worked  it  is  from  3!)  to  44  inches 
thick,  not  including  the  bottom  bench  of  4 to  C inches  separated  by 
8 inches  of  shale  and  bone  from  the  coal  above.  It  also  frequently 
has  a binder  near  the  top.  Outside  of  the  areas  of  development  it 
may  vary  from  0 to  4 feet,  as  indicated  by  drillings  and  outcroi)S. 
It  shoAvs  by  a recent  analysis : 


Fixed  carbon 62  per  cent. 

Valatile  hydrocarbons,  25  per  cent. 

Ash 12  per  cent. 

Sulphur 28  per  cent. 

Moisture,  7 per  cent. 


Lower  Freeport  Coal.  This  bed  is  the  most  Avidely  knoAvn  and 
extensiAvly  developed  bed  in  the  field.  The  characteristic  feature 
is  a A’ery  persistent  binder  8 to  12  inches  from  the  bottom.  Over 
40  commercial  mines  are  Avorked  on  this  bed  in  this  area.  In  these 
mines  the  coal  aA^erages  474  inches, — practically  4 feet.  It  ranges 
from  37^  inches  to  01  inches.  There  is  sometimes  a little  bone  on 
top  of  the  coal.  Clay  A’eins  are  a great  .source  of  trouble  in  this 
bed,  sometimes  rendering  its  mining  unprofitable.  The  majority  are 
not  over  14  to  20  inches  thick.  Scarcely  a mine  is  free  of  them. 
Some  roof  rolls  are  met  with.  The  Lower  Freeport  coal  carries  a 
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large  amount  of  sulphur  in  the  form  of  ‘‘knife  blades'’  and  iron 
nodules  in  many  parts  of  the  region.  Impurities  seem  to  decrease 
west  of  Barnesboro  where  the  coal  becomes  suitable  for  coking.  Coal 
from  the  Greenwich  mines  near  Garman’s  Mill  is  successfully  worked, 
analysis  showing : 


Fixed  carbon,  . 
Volatile  matter. 

Ash 

Sulphur 

Phosphorus,  ... 
Moisture 


66  per  cent. 
25  per  cent. 
7.75  per  cent. 
.84  per  cent. 
.004  per  cent. 
1 per  cent. 


Upper  Kittanning  Coal.  Fifty  to  90  feet  below  the  Lower  Free- 
port is  the  U])per  Kittanning  coal  which  has  been  developed  only 
around  Hastings  and  Patton.  Around  Patton  it  shows  4 feet  or 
more  of  coal  including  2 feet  of  dirty  coal  not  mined.  “Knife  edges” 
of  sulphur  are  abundant,  but  the  bed  is  free  from  clay  veins  and 
rolls.  Under  the  coal  is  a fine  bed  of  clay  0 feet  thick.  On  the  whole 
this  bed  is  probably  quite  thin  and  not  workable.  Analysis  shows 
an  even  higher  percentage  of  fixed  carbon  than  the  Ux>per  Freeport, 
as  follows: 


Fixed  carbon, 
Volatile  matter. 

Ash 

Sulphur 

Moisture 


67.05  per  cent. 
23.7  per  cent. 
7.8  per  cent. 
, 1.38  per  cent. 
.91  per  cent. 


f.oiver  Kittanning  Coal.  This  bed  is  here  from  130  to  175  feet 
below  the  Ti'jiper  Freejiort.  Drilling  has  shown  this  bed  present  and 
jtrobably  workable  throughout  the  entire  area,  Init  it  has  only  a 
limited  outcroj).  It  is  usually  quite  badly  broken  up  with  partings. 
Here  the  mines  show  a thickness  of  38  inches  on  the  average,  not 
including  two  underlying  benches  ivhich  contain  together  nearly  2 
feet  of  coal.  This  coal  is  of  very  high  grade  here.  An  analysis 
showed : 


Fixed  carbon,  . 
Volatile  matter. 

Ash 

Sulphur,  ..; 

Moisture 


70.9  per  cent. 
23.2  per  cent. 
5.4  per  cent. 
1.12  per  cent. 
.43  per  cent. 


As  a rule  the  coals  in  the.se  quadrangles  are  rather  deeply  buried. 
They  come  to  outcrop  mainly  where  the  anticlines  ci'Oss  the  major 
drainage  lines.  Thus  the  Chestnut  Ridge  anticline  brings  the  upper 
coals  above  Two  Lick  creek  and  its  north  branch  in  the  neighbor- 
hood of  Mitchell’s  Mills  and  Pleasant  Valley.  The  Nebo  anticline 
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brings  the  same  coals  up  on  Yellow  creek  and  the  west  bank  of  the 
Susquehanna  near  Garman’s  Mills,  from  where  they  continue  above 
drainage  upstream  to  El  Mora.  The  Laurel  Hill  anticline  is  respon- 
sible for  small  exposures  of  the  Allegheny  rocks  and  coals  in  the 
southeast  corner  of  the  Barnesboro  quadrangle  and  along  Chest  creek 
below  Patton.  A general  idse  to  the  northeast  brings  these  coals 
above  drainage  all  along  the  north  edge  of  the  Patton  quadrangle, 
and  the  rise  to  the  Allegheny  Front  leaves  the  whole  of  the  Alle- 
gheny formation  above  the  level  of  Clearfield  creek  in  the  southeast 
part  of  the  Patton  quadrangle.  The  bulk  of  the  coals  in  these  quad- 
rangles, however,  will  have  to  be  reached  by  shafting.  All  of  the 
coals  here  are  irregular  and  it  will  be  necessary  to  determine  with 
the  drill,  in  most  areas,  how  many  and  what  coals  underlie  and  are 
minable.  ' 

PUNXSUTAWNEY  QUADRANGLE. 

The  coals  occurring  in  the  Punxsutawney  quadrangle  all  belong 
in  the  Allegheny  formation.  Some  400  feet  of  the  Conemaugh  for- 
mation remain,  but  the  contained  coals  nowhere  appear  to  be  work- 
able. The  Upper  Freeport,  or  ‘MT’  coal,  as  it  is  locally  called,  the 
Lower  Freeport,  or  ‘T3”  coal,  the  Lower  Kittanning,  or  “B’’  coal, 
and  the  Brookville,  or  “A”  coal,  are  being  mined  commercially,  and 
the  Upper  Kittanning  is  locally  woi’kable.  Of  the  coals  mentioned, 
the  Tipper  Freeport  is  the  coal  being  mined  at  Eossiter,  the  principal 
coal  in  the  Glen  Campbell  district,  and  the  coal  being  worked  on 
the  ridge  north  of  Kewtonburg.  The  Lower  Freeport  is  the  coal 
being  mined  all  through  the  Punxsutawney-Reynoldsville  held,  and 
to  some  extent  around  Glen  Campbell.  The  Lower  Kittanning  is 
mined  on  Horton  run,  near  Glen  Campbell,  and  the  Brookville  coal 
is  mined  commercially  at  several  points  in  the  Bear  run  basin,  at 
Sidney  and  near  McGees. 

In  the  portion  of  the  Punxsutawney  basin  north  and  west  of  Ma- 
honing creek  practically  all  mining  at  present  is  on  the  “D,”  or 
Lower  Freeport  coal.  This  bed  ranges  from  4 to  6 feet  in  thickness, 
running  up  to  10  or  11  feet  locally.  Around  Adrian,  Walston  and 
Flk  run  it  will  average  about  5 feet  6 inches.  Toward  Big  run  and 
Eleanora  it  is  thin,  ranging  from  4 to  4|  feet.  It  is  practically  a 
solid  coal,  though  often  carrying  a bony  of  8 inches  or  less  on  top. 
At  Eleanora  shaft,  where  the  coal  runs  from  0 to  9 feet  in  thick- 
ness, there  is  a strong  band  of  bone  in  the  center.  The  roof  is  of 
shale,  generally  showing  a thickness  of  12  to  14  feet  or  more,  but 
in  places  this  is  thin  and  overlain  with  a sandstone  that  comes 
down  close  to  or  lies  directly  on  the  coal.  Indeed,  where  Punxsu- 
tawney lies,  and  to  the  northeast  over  a broad,  but  irregular,  belt 
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the  sandstone  tills  an  old  channel  in  which  the  coal  was  removed 
soon  after  its  deposition.  See  B,  jd^ite  XI.  A number  of  entries 
have  been  driven  through  this,  showing  a width  of  400  to  1,000 
feet  or  more.  The  coal  is  a high  grade  coking  coal  and  is  very  exten- 
sively coked  at  Walston  and  Adrian.  In  this  portion  of  the  quad- 
rangle the  “B”  coal  is  mainly  below  drainage.  It  lies  at  about 
1,050  feet  above  tide,  in  the  center  of  the  synclinal  axis  from  Punx- 
sutawney  to  Eleanora  shaft.  To  the  northwest  it  rises  rapidly  until 
in  the  northwest  corner  of  the  quadrangle  it  is  found  only  in  the 
hilltops,  at  an  elevation  of  1,050  feet. 

From  38  to  43  feet  over  tiie  Lower  Freeport  is  found  the  Upper 
Freeport,  or  “E”  coal.  It  is  extremely  irregular  in  this  district, 
frequently  reaching  4 feet,  but  is  thin,  showing  only  a few  inches, 
and  often  it  appears  to  be  entirely  gone.  The  evidence  points  towards 
its  having  suffered  from  erosion  just  after  its  deposition,  in  much 
the  same  way  as  the  ‘‘D’’  coal.  On  account  of  these  facts  and  the 
fact  that  it  will  have  been  nndermined,  it  possesses  very  little  value 
in  this  district.  Little  is  known  of  the  coals  below  the  “D”  coal, 
but  it  is  claimed  that  they  are  worthless. 

Xorthwest  of  Canoe  creek  and  south  of  Mahoning  creek,  is  a dis- 
trict that  appears  to  be  almost  devoid  of  coals.  Drillings  strike 
jiractically  no  coal  until  to  a depth  that  should  reach  at  least  to 
the  “B,”  or  Lower  Kittanning,  coal,  which  is  thin. 

In  the  district  drained  by  Canoe  creek  to  Ugly  run,  the  ‘‘E,”  or 
ITpi)er  Freeport,  coal  appears  to  be  free  from  the  erosional  action 
just  described,  and  in  this  territory  from  Locust  to  Winslow,  past 
Rossiter,  it  is  uniformly  workable,  with  a thickness  of  from  3 to  5 
feet.  Within  this  area  the  Lower  Mahoning  section  is  occupied 
almost  entirely  by  shale.  Tlie  coal  is  usually  without  partings, 
though  occasional  partings  aripear  near  the  bottom,  and  bony  coal 
from  4 to  10  inches  thick  is  frequently  found  at  the  top  or  bottom, 
and  occasionally  at  both.  The  roof  is  always  shale.  To  the  north 
and  northeast  of  WinsloAV  the  coal  is  less  regular,  frequently  thin- 
ning from  4 feet  to  S inches  in  a few  hundred  feet.  In  this  district 
the  Lower  Freeport  is  thin  and  hardly  workable.  The  underlying 
coals  have  been  little  exploited,  but  will  probably  yield  some  work- 
able coal. 

Along  the  crest  of  the  Chestnut  Ridge  anticline  northeast  in  In- 
diana county,  the  Upper  Freeport  coal  is  caught  only  in  the  few 
hilltops,  l)ut  the  Kittanning  coals  should  be  found  here.  Further 
along  the  anticline,  in  Clearfield  county,  where  it  folloAvs  the  crest 
of  the  ridge,  all  the  coals  of  the  Allegheny  formation  have  been  pre- 
served by  the  massive  tapper  Mahoning  sandstone,  the  blocks  of 
which  completely  cover  the  top  of  the  ridge.  Both  of  the  Freejiorts, 


A.  Typical  mining  town. 


Plate  XII.  Mining  conditions  in  Pennsylvania. 
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the  Lower  Kittanniug  and  the  Brookville  coals  appear  to  be  of 
workable  thickness  under  part  of  this  ridge. 

The  district  between  Kichuiond  and  Deckers  Point  south  and  west 
of  Little  IMahouiug  creek,  contains  all  of  the  Allegheny'  coals  in 
the  hills.  The  coals,  as  a rule,  lie  above  drainage.  The  Fi’eeports 
are  of  workable  thickness.  The  U]>per  Kittanniug,  north  of  Deckers 
Point,  has  associated  with  it  an  irregular  bed  of  caunel  coal  with 
a maxiiuuni  thickness  of  9 feet.  The  Lower  Kittanniug  appears 
to  be  generally  of  workable  thickness.  It  reaches  5 feet  or  more 
just  southwest  of  Richmond. 

The  Brookville  coal  is  the  most  prominent  coal  in  outcrop  in  the 
district  around  McGees  on  the  southeast  of  the  Chestnut  Ridge  anti- 
cline. It  is  of  variable  thickues.s,  though  it  attains  a thickness  of  I 
feet  in  many  places.  It  usually  has  some  partings  of  bone  or  shale. 
This  coal  keeps  just  above  drainage  up  Bear  run  and  Whiskey  run. 
The  Kittanniug  coals  occur  in  the  hills  in  small  body.  The  Free- 
ports  have  been  removed  from  most  of  the  district. 

In  the  district  about  Glen  Campbell  coals  ‘"E,”  “D”  and  “B'’  are 
mined  commercially.  Coal  “E”  has  a thickness  of  from  3 feet  or 
less  to  4 feet  or  more,  often  without  partings,  though  in  many 
places  it  has  about  4 inches  of  bony  at  the  top,  and  as  much,  or  more, 
at  the  bottom.  The  “D’’  coal  is  more  variable  in  thickness  and 
position  and  locally  north  of  Cray  it  has  a thickness  of 
16  feet.  In  some  of  the  mines,  as  in  Glenwood  No.  6,  it  maintains  a 
uniform  thickness  of  4 to  .5  feet,  without  jiartings,  but  in  a short 
distance  it  may  thin  dovrn  to  2 feet  or  less.  At  many  points  it 
contains  bands  of  bone  G to  IS  inches  thick  that  come  in  the  body 
of  the  coal  as  well  as  at  the  top  and  bottom.  The  “B”  coal  is 
mined  in  Horton  run,  and  it  appears  to  be  workable  under  most  of 
this  district. 

In  the  district  southwest  of  Glen  Campbell,  about  Gipsy,  Arcadia 
and  Wilgus,  and  northwest  and  west  of  Hillsdale,  practically  all 
mining  is  on  the  ^'E,”  or  Upper  Freeport,  coal.  Coal  is  at  drainage 
level  at  Arcadia,  but  rises  rapidly  to  the  westward  until  it  just 
underlies  the  Little  Mahoning-Ciish  creek  divide.  All  through  this 
district  this  coal  maintains  a very  unusual  uniformity  of  section. 
Nearly  everywhere  there  is  from  3 to  8 inches  of  bony  coal  on  top 
in  place  resembling  cannel  coal,  then  a main  bench  of  from  38  to  48 
inches,  a 1 to  2-inch  parting,  and  a bottom  bench  of  from  3 to  6 
inches.  The  roof  is  always  shale.  The  Lower  Freeport,  though 
thin  (2  to  3 feet),  appeal’s  to  be  persistently  workable  in  this  district. 
Some  lower  coals  from  3 to  4 feet  thick  have  been  assumed  to  be  at 
the  horizon  of  the  “B”  coal,  suggesting  that  that  coal  will  prove 
generally  workable  over  the  district. 
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Ill  llie  Burnside  district  lying  south  and  east  of  Cush  creek  and 
east  of  Susquehanna  river,  the  coals  are,  in  the  main,  below  drain- 
age and  deeply  buried.  Outcrop  exposures  and  drillings  indicate 
that  the  ‘‘E,”  “D”  and  “B”  coals  will  be  locally  workable  in  this 
district,  and  they  may  prove  to  be  generally  so,  but  the  evidence  is 
not  altogether  favorable,  especially  along  the  south  and  southeast 
edges  of  the  quadrangle*  much  uncertainty  Avas  expressed  about  the 
correlation  of  the  coals  at  Rossiter  and  in  the  southern  part  of  the 
quadrangle  around  Glen  Campbell  and  Arcadia.  The  difficulty  arose 
from  the  fact  that  the  first  coal  being  Avorked  lies  from  60  to  70 
feet  beloAv  the  base  of  Avhat  AAms  considered  to  be  the  Mahoning 
sandstone,  and  that  immediately  under  the  sandstone  there  are 
traces  of  coal,  clay  and  ferruginous  limestone.  The  latter  were, 
therefore,  considered  to  be  at  the  horizon  of  the  Upper  Freeport 
coal  and  the  first  worlcable  coal  to  be  the  LoAver  Freeport. 
Later  field  Avork  has  shown  beyond  doubt  that  the  sandstone  is  the 
upper  member  of  the  Mahoning,  that  the  thin  coal,  clay  and  ferru- 
ginous limestone  beloAV  it  belong  to  the  position  of  the  Mahoning 
or  JohnstOAvn  ore  horizon;  that  the  position  of  the  Lower  or  Upper 
Mahoning  sandstone  is  nearly  OAer  all  of  this  quadi’angle,  as  well 
as  OA’er  several  adjacent  quadrangles,  occupied  by  shale,  and  that 
the  main  coal  at  Rossiter  and  the  uppermost  coal  at  Glen  Campbell 
are  undoubtedly  the  Upper  Freeport. 

CURWENSVILLE  AND  HOUTZDALE  QUADRANGLES. 

The  coals  of  these  quadrangles  belong  to  the  Allegheny  formation. 
As  given  under  Stratigrajthy,  there  is  found  here  a marked  in- 
crease in  the  number  of  coals  of  this  formation,  but  in  the  main  the 
number  of  Avorkable  coals  continues  about  the  same  as  in  the  other 
quadrangles.  Both  of  the  Freeport  coals  are  Avorkable,  the  Lower 
Freeport  being  much  the  most  important  coal  in  the  area.  The 
Middle  Kittanning  coal  is  AA'orkable  in  the  region  north  of  Gear- 
hart and  west  of  Morrisdale,  and  in  a feAv  other  places  locally. 
The  LoAver  Kittauning  is  quite  Avidely  Avorkable,  though  OA^er  much 
of  the  area  it  is  badly  split  up — so  much  so  that  it  will  not  be  worked 
under  the  present  conditions.  The  Brookville,  or  Clarion,  coal  is 
also  Avorkable  oatc  parts  of  the  quadrangles.  The  coals  of  these 
quadrangles  are  of  exceptionally  high  grade,  ATrging  on  the  semi- 
bituminous  type.  One  effect  of  this  is  that  a large  amount  of  mining 
is  carried  on  in  beds  that  do  not  average  more  than  2|-  feet,  and  in 
some  cases  mining  has  been  continued  until  the  bed  has  decreased 
to  a thickness  of  18  inches  or  less.  In  the  Houtzdale  quadrangle, 
betAveen  Houtzdale  and  Osceola,  is  the  original  Moshannon  basin, 
which  has  furnished  the  famous  Clearfield  coal  of  commerce. 
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Moshannoii  Basin.  This  basin  includes  the  coal  lying  on  iMoshau- 
non  creek  and  Heaver  run  and  extending  in  a general  way  from 
Houtzdale  to  Osceola  on  this  quadrangle,  and  past  Philipsburg  and 
Morrisdale,  east  of  the  quadrangle.  It  has  furnished  most  of  the 
coal  known  on  the  market  as  Clearfield  coal,  and  is  still  supplying 
a large  portion  of  that  coal,  though,  as  a matter  of  fact,  much  of 
the  coal  along  the  Allegheny  Front  of  somewhat  similar  character 
is  being  shipped  to  the  market  as  Clearfield  coal.  The  Lower  Free- 
port or  “D,”  or  the  Moshannon,  as  it  is  locally  called,  is  the  bed 
that  lias  supplied  this  coal  in  the  past.  It  has  a thickness  all  through 
this  basin  of  from  4 to  0 feet,  running  occasionally  much  over  the 
upper  figure  and  averaging  about  5 feet.  While  generally  the  coal 
is  without  partings,  there  is  often  found  ^ to  1 inch  of  cannel 
or  rich  bone  about  2 feet  from  the  bottom,  and  sometimes 
there  is  a small  bench  of  coal  above  or  below  the  main  bench.  Prob- 
ably one-half  of  the  measured  sections  of  this  coal  about  and  north- 
west of  Osceola  sliow  a bony  top  from  2 to  10  inches  thick,  which 
in  many  places  is  overlain  by  clay.  Northwest  of  Houtzdale  there 
is  frequently  an  upper  bench  of  coal  from  6 to  24  inches  thick,  sepa- 
rated from  the  main  bench  by  from  4 to  G inches  of  clay  or  shale. 
A fall  in  the  roof  at  one  mine  showed  this  upper  bench  to  be  G4  inches 
thick,  with  still  above  9 inches  of  clay,  then  9 inches  of  coal.  The 
roof  is  usually"  shale,  but,  as  previously  described,  is  often  bone  and 
clay,  and  in  some  of  the  mines  along  Whiteside  creek,  is  sandstone. 
The  floor  is  clay.  While  the  heart  of  the  seam  in  this  basin  has 
already  been  taken  there  is  still  some  coal  left  around  the  edges 
and  in  the  center,  where  in  the  early  days  tracts  of  coal,  slightly 
inferior  in  thickness  and  quality,  were  passed  by.  These  remnants 
are  being  rapidly  removed  by  a large  number  of  shipping  mines. 
There  are  still  a few  large  mines  operating  in  this  field,  but  appar- 
ently on  bodies  of  coal  which  have  passed  or  are  approaching  ex- 
haustion. Some  45  feet  above  the  Moshannon  seam  is  the 
“E,”  Upper  Freeport,  or  “cap”  seam,  as  it  is  locally  known. 
In  this  basin  it  is  of  poorer  quality  than  the  “D”  coal 
and  has  a thickness  of  only  3 feet.  At  present  it  is  mined  only  on 
a small  scale.  It  underlies  nearly  the  same  areas  as  the  Moshannon 
seam.  Below  the  “B”  seam  coals  which  are  locally  workable  occur 
at  four  different  horizons.  The  first  is  over  100  feet  below  and  corre- 
lated as  the  “C^”  and  shows  3 feet  in  places,  with  a local  thickening 
of  up  to  6 feet  or  more,  due  to  the  presence  of  several  feet  of  cannel 
coal.  Cannel  coal  is  mined  from  this  bed  on  Moshannon  creek  and 
near  the  mouth  of  Whiteside  creek,  but,  as  shown,  the  extent  of  the 
deposit  appears  to  be  quite  limited.  The  “B”  coal  lies  about  10.5  feet 
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below  the  “L>”  coal,  and  shows  a thickness  of  from  to  6 feet.  As 
a rule,  it  is  broken  up  with  partings  and  tends  to  carry  a larger 
percentage  of  sulphur  and  ash  than  the  “D”  coal.  This  coal  often 
shows  three  benches,  of  which  only  the  upper  two  are  worked  in 
the  region  between  Osceola  and  Powelltou  and  along  Whiteside 
creek.  The  parting  is  usually  bone,  but  in  places  it  is  clay  or  sand- 
stone, having  a thickness  of  from  a few  inches  up  to  4 feet.  The 
middle  bench  is  commonh'  3 feet  or  more  thick,  and  below  it  is 
a parting  which  is  often  several  feet  thick  of  hard,  gnarly  clay, 
below  which  is  a bench  of  18  inclies  of  coal.  There  is  generally  a 
thin  rider  over  this  bed  and  within  20  feet  of  its  top.  A ty^pical 
section  of  this  coal  near  Osceola  shoivs:  Shale,  3 to  14  feet  (under 
sandstone),  making  a good  roof;  coal  (sliort-grained),  IS  inches;  shale, 
2 inches ; coal  (long-grained,  excexit  at  top),  39  inches ; clay  and  sand- 
stone, 8 to  18  inches;  coal  (very  sulphurous),  10  to  14  inches;  clay 
floor.  Going  toward  Powelltou,  the  main  bench  reaches  4 feet.  In 
the  New  l\Ionarch  Coal  Company's  shaft  what  is  supposed  to  be 
the  “B”  coal  is  5 feet,  and  over,  thick,  with  2 feet  G inches,  or  more, 
of  coal  only  10  feet  above.  About  220  feet  below  the  “D”  coal  is 
the  ‘h-G”  coal.  While  thin  in  places,  this  bed  shows  a thickness  of 
up  to  G feet.  Over  parts  of  the  district  it  shows  two  regular  clay 
bands,  but  generally  has  many  thin,  irregular  streaks  of  dirt,  and 
is  very  sulj)hnrous.  The  section  southwest  of  Osceola  showed  46 
inches  of  coal  with  two  1-inch  bone  bands  10  inches  from  the  top 
and  18  inches  from  the  bottom,  with  G inches  of  bone  on  top  of  the 
bed.  Similar  sections  were  noted  south  of  Osceola,  except  that  the 
partings  were  shale  or  clay. 

Muddy  Bun  District.  The  second  district  includes  the  coal  on 
the  Muddy  run  drainage  above  Banian  Junction.  It  is  character- 
ized mainly  by  the  splitting  of  the  “D”  or  Moshannon  bed.  West 
of  Houtzdale  this  coal  becomes  irregular  and  locally  wanting,  but 
it  recovers  a little  further  west,  only  to  split  into  two  benches  Avhich 
may  be  as  much  as  55  feet  apart.  The  beginning  of  this  split  may 
be  observed  in  several  of  the  mines  in  a line  running  northwest  and 
southeast  from  east  of  Smoke  run  to  west  of  Banian  Junction.  In 
one  case  the  parting  increases  in  a distance  of  30  feet  from  6 inches 
to  4 feet  2 inches.  In  another  mine,  the  parting  changes  from  2 
inches  to  8 feet  and  back  to  1 foot  in  a distance  of  250  feet.  See 
fig.  11.  Going  southwest  from  this  line,  the  separation  becomes  more 
pronounced,  until,  as  stated,  they  become  too  far  apart  to  mine  to- 
gether, and  mining  is  continued  only  in  the  loiver  bench.  In  most 
of  the  mines  of  this  district  this  hnver  bench  which  is  mined  aver- 
ages but  little  over  30  inches  thick,  but  as  it  maintains  the  excellent 
quality  of  the  coal  in  the  first  district,  it  finds  a ready  market  and 
can  be  Avorked  Avith  profit.  This  coal  appears  to  run  fairly  regularly 
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over  the  whole  district.  The  upper  bench  and  the  “cap”  coal  are 
both  thin — 2 feet  or  less.  As  the  loiver  bench  of  the  “D”  coal  is  near 
drainage  in  this  district,  no  mining  has  yet  been  done  on  the  under- 
lying beds,  and  but  little  is  known  of  them.  Drillings  indicate  one 
or  two  beds  below  of  fairly  workable  thickness  in  places,  though 
locally  there  appears  to  be  no  workable  coal  below  the  lower  bench 
of  the  Moshannon. 

j\fadera  District.  This  district  includes  the  territory  around  and 
to  the  noi’th  of  Madera,  and  is  characterized  from  the  preceding  dis- 
tricts by  the  fact  that  the  coals  and  their  accompanying  rocks  rise 
so  that  the  Freeport  coals  occur  only  in  the  hilltops,  and  all  of 
the  underlying  coals  are  exposed.  The  Moshannon  coal  in  this  dis- 
trict has  been  largely  removed,  so  that  mining  at  pi’esent  is  on 
one  of  the  lower  coals,  probably  about  in  the  position  of  the  Clarion, 
as  there  is  a small  coal  below  it  which  may  correspond  to  the  Brook- 
ville.  The  mined  coal  shows  a thickness  up  to  4 or  5 feet,  but  often 
carries  a large  amount  of  cannel-like  bone  near  the  top.  There  is 
usually  one  thin  parting  and  occasionally  two.  The  “B”  coal  in  the 
Houtzdale  district  has  been  worked  to  some  extent  south  of  Madera, 
where  it  shows  a thickness  of  about  3 feet.  All  of  the  coals  rise 
toward  the  north,  so  that  the  u])pcrniost  coals  are  above  the  hilltops 
north  of  Belsena  Mills. 

Northern  Half  of  the  Houtzdale  Quadrangle.  In  general  the  north- 
ern half  of  the  Houtzdale  quadrangle  is  characterized  by  the  fact 
that  the  great  dome  between  Belsena  !Mills  and  Bigler  has  lifted 
the  rocks  so  that  the  Allegheny  formation  with  its  coals  is  mainly 
in  the  hilltops  or  entirely  eroded.  The  Freeport  coals  occupy  the 
hilltops  between  Susquehanna  river  and  Little  Clearfield,  also 
the  crest  of  the  divide  between  Little  Clearfield  and  Clear- 
field creeks.  Along  Susquehanna  river  and  Little  Clearfield  creek 
the  bottom  of  the  Allegheny  comes  just  at  drainage  level.  Going 
eastwai’d,  the  rocks  rise,  keeping  just  above  drainage  up  Roaring  run 
over  the  crest  of  the  anticline  near  Bigler,  and  then  descend  to  the 
southeast  so  as  to  keep  just  above  Laurel  run.  Southwest  of  Bigler 
and  west  of  Blue  Ball  the  anticline  or  dome  is  high  enough  so  as 
to  raise  the  whole  of  the  Allegheny  formation  above  the  hilltops  in 
many  places.  The  Moshannon  or  Lower  Freeport  coal  is  commer- 
cially worked  at  Devling,  Glen  Richey  and  near  Susquehanna  Bridge. 
The  extension  of  the  Houtzdale-Osceola  basin  on  tliis  coal  just  touches 
the  eastern  edge  of  the  quadrangle  southeast  of  Blue  Ball,  Avhere 
the  coal  maintains  the  same  excellent  thickness  as  around  Houtz- 
dale,  but  has  now  been  entirely  worked  out.  Around  Glen  Richey 
and  Oshanter  the  “D”  coal  will  range  from  30  to  10  inches,  with 
^ to  2 inches  of  shale  5 to  10  inches  from  the  bottom,  and  u.sually 
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vs  illi  a bony  layer  ou  lop.  The  “E”  coal  has  been  opened  at  many 
places  northwest  of  Clearfield  Bridge,  wliere  it  has  a thickness  of 
about  30  inches.  The  “C^”  coal  is  worked  near  Woodland,  where 
it  has  a thickness  of  about  3 feet,  overlain  by  10  inches  or  a foot 
of  bony  coal.  Eighteen  feet  above  this  coal  is  a small  coal  to 
2 feet  thick.  Southeast  of  Blue  Ball  the  has  been  opened  at 
tlie  Guion  mine,  where  it  shows  a thickness  of  4 feet  4 inches,  in- 
cluding from  1 to  2 inches  of  bone  and  shale  G to  7 inches  from  the 
top.  On  the  road  north  from  Graham  Station,  just  off  the  eastern 
edge  of  the  quadrangle,  there  are  five  Kittanning  coals  exposed  in 
ail  excellent  section  at  that  point.  The  “B”  coal  is  opened  around 
Blue  Ball  along  Little  Clearfield  creek  and  on  Susquehanna  river. 
It  nearly  everywhere  shows  a solid  bench  of  coal  from  2 feet  to  3 
feet  in  thickness,  often  running  under  2 feet.  It  is  usually  charac- 
terized by  being  underlain  with  a good  thickness  of  fine  clay.  In 
parts  of  this  district  this  clay  runs  from  5 to  15  or  20  feet  in  thick- 
ness, a part  of  which  is  a high  grade  flint  clay.  Along  Little  Clear- 
field creek,  at  a distance  of  from  G5  to  1)5  feet  below  the  “B”  coal,  is 
vrhat  has  been  assumed  to  be  the  “A”  coal,  which  there  shows  a thick- 
ness of  3 to  3|  feet.  It  is  characteristically  underlain  by  a foot  of 
coal  separated  from  the  main  bed  by  4 or  5 feet  of  clay.  In  descend- 
ing Little  Clearfield  creek  the  interval  between  these  two  beds  ap- 
pears to  decrease  until  south  of  Clearfield  Bridge  they  are  only 
22  feet  apart,  the  upper  coal,  as  usual,  being  a solid  coal  2 feet  thick, 
while  the  lower  is  a 3-foot  coal,  in  3 benches,  with  a bench  of  coal 
below  from  10  to  IG  inches  thick,  separated  by  from  5 feet  to  15 
inches  of  clay.  Crossing  to  the  region  about  Blue  Ball,  there  is  a 
somewhat  similar  coal  below  what  is  considered  the  '‘B”  coal,  but 
it  is  there  only  14  or  15  feet  below  the  “B”  coal.  In  the  region  about 
Blue  Ball  this  lower  coal,  whicli,  witli  much  question,  may  be  des- 
ignated the  “A”  coal,  shows  a thickness  of  about  40  inches,  with 
14  inches  of  bone  15  inches  from  the  top.  Over  the  coal  is  frequently 
found  from  2 to  3 feet  of  clay.  Avilli  from  0 to  12  inches  of  coal  above 
that.  This  clay  in  many  places  forms  a treacherous  roof  tending 
to  come  down  badly. 

At  one  place  in  Blue  Ball  this  coal  was  5 feet  thick  but  was  cut 
out  in  a few  yards  by  the  sandstone  roof  coming  down,  the  coal 
and  sandstone  interleaving  at  the  contact.  A somewhat  similar 
thickness  appears  on  the  high  ridge  west  of  Blue  Ball.  A coal 
supposed  to  be  the  same  as  Ibis  runs  over  3 feet  thick  around  Board- 
man  with  a clay  and  shale  roof.  To  the  north  of  Boardman  this 
bed  shows  from  3 feet  G inches  to  4 feet  of  coal  with  shale  roof. 
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Grampian  District.  North  of  Susquehanna  river  and  east  of  Bell 
run  in  this  district,  the  “D”  coal  appears  to  be  persistently  work- 
able. It  occurs  well  up  in  the  hills  going  above  the  hills  to  the  north. 
West  of  Grampian  this  coal  shows  a thickness  of  5-^-  feet  with  a 2-inch 
parting  14  inches  from  the  top  and  2 inches  of  splinty  coal  3 feet  4 
inches  from  the  bottom.  Throughout  this  district  as  a whole  this 
coal  runs  from  3 to  3^  feet  thick.  In  most  cases  it  shoivs  a parting 
of  1 to  2 inches  of  clay  or  shale  or  sometimes  bone,  2 to  5 inches 
from  the  bottom.  About  40  feet  above  the  “D’’  coal  is  the  or 
Upper  Freeport,  which  is  mined  commercially  only  at  one  point, 
just  west  of  Grampian.  Here  it  is  from  34  to  36  inches  thick.  At 
other  places  in  this  district  it  does  not  appear  to  run  much  over  2 
feet  and  often  is  not  that  thick.  The  “13”  coal  in  this  district  is  a 
small  solid  coal  18  inches  to  3 feet  thick,  not  including  irregular 
benches  below.  Northwest  of  Grampian  it  shows  a thickness  of  2-| 
feet.  Just  across  the  edge  of  the  quadrangle  on  Hughey  Eun  it  shows 
a thickness  of  up  to  42  inches,  with  14  inches  of  coal  3 feet  below. 
As  far  as  seen,  the  other  coals  of  the  section  are  not  workable  in 
this  district. 

West  of  Bell  run  the  hills  are  largely  uninhabited  and  the  region 
has  been  but  little  prospected.  The  Chestnut  Ridge  anticline  crosses 
the  northwest  corner  of  the  quadrangle  and  carries  the  coal  up  so 
that  the  Upper  Freeport  coal  appears  to  lie  just  under  the  top 
of  the  ridge,  the  coal  rising  in  the  ridges  as  they  recede  northwest- 
ward from  the  river.  This  is  in  part  due  to  the  fact  that  the  upper 
member  of  the  Mahoning  sandstone  forms  the  crest  of  many  ridges, 
preserving  the  coal  measures  below.  The  Freeport  coals  are  Avell 
determined  and  are  of  workable  thickness  just  off  the  quadrangle 
to  the  west.  In  this  district  the  small  amount  of  data  indicated 
that  one  or  another  of  these  coals  would  yield  24  to  3}  feet  of  coal, 
with  a local  thickening  reported  up  to  6 feet.  ' TAventy-nine  inches 
of  solid  coal  was  measured  in  about  the  “B”  horizon  and  it  is 
quite  probable  that  this  bed  will  prove  Avorkable  over  much  of  the 
district.  The  “A”  coal  has  a workable  thickness  just  Avest  of  the 
quadrangle,  though  it  is  rather  poor  and  irregular,  but  it  Avill  proba- 
bly be  workable  over  part  of  the  area. 

Little  Clearfield  District.  At  Olanta  the  Avhole  of  tlie  Alleglieny 
formation  lies  in  the  hills  above  drainage  and  much  the  same  condi- 
tion holds  over  the  district.  The  loAver  coals  pass  beloAv  drainage 
around  Gazzam.  The  hills  are  high  enougli  to  coA'er  a good  body 
of  even  the  upper  coals,  and  the  lower  coals  underlie  practically 
the  Avhole  district.  In  this  district  the  Upper  Freeport  coal  ranges 
from  2 to  24  feet  in  thickness  AAuth  shale  roof  and  clay  floor. 
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The  “D”  coal  is  extensively  mined  around  Gazzam  and  has  been 
used  at  many  points  in  the  district.  It  shows  an  average  thickness 
of  2-^  feet,  ranging  np  to  4 feet  in  places.  In  most  places  it  shows 
a characteristic  parting  of  inch  to  2 inches,  coming  from  2 to  6 
inches  above  the  bottom.  At  a few  iioints  near  New  Millport  this 
coal  has  (i  to  8 inches  of  bony  coal  on  the  top.  The  “B”  and  “A” 
coals  in  this  district,  so  far  as  seen,  resemble  the  same  coals  in  the 
portion  of  Little  Clearfield  creek  drainage  of  the  Houtzdale  quad- 
rangle, the  “B”  being  a moderately  thick  and  solid  coal,  the  “A” 
tending  to  have  a thickness  of  3 feet  underlain  by  2 inches  to  1 foot 
of  coal,  2 to  5 feet  below. 

Clearfield  Creek  District.  This  district  includes  the  southwest 
corner  of  the  quadrangle  lying  southeast  of  the  Ansouville-McPher- 
ron  road.  The  base  of  the  Allegheny  formation  is  just  above  the 
drainage  at  Irvona  and  Bosebud.  At  McCartney  and  Berwinsdale 
only  the  upper  coals  are  above  drainage,  so  that  the  lower  coals 
underlie  practically  the  Avhole  of  the  district  and  the  higher  coals 
have  a large  body  and  are  well  protected.  The  “E”  coal  shows  a 
thickness  of  5 feet  northeast  of  McCartney  though  it  is  inclined 
to  be-  dirty.  In  general  it  is  much  thinner.  It  is  mined  commer- 
cially at-  McCartney  Avhere  it  is  32  inches  thick,  and  it  has  about  the 
same  thickness  around  Glen  Hope.  The  Lov'er  Freeport  or  “D” 
coal  around  McCartney  has  a thickness  of  4 to  5 feet  or  more  in 
sei'eral  of  the  mines,  in  some  cases  Avith  a small  bench  1 foot  abOA^e 
the  main  bench.  Around  Glen  Hope  and  IrA'ona  this  coal  has  a 
thickness  of  30  inches  to  3 feet.  At  Berwinsdale  it  is  mined  commer- 
cially, its  thickness  being  3 feet  or  over,  usually  Avithout  partings 
though  locally  shoAving  a characteristic  shale  parting  8 inches  from 
the  bottom. 

The  “B”  coal  is  extensively  mined  at  Coalport  (Bosebud)  and 
Erankhurst.  It  has  a thickness  of  5 to  6 feet  around  Coalport.  It 
is  A-ariable  in  thickness  ranging  from  4 feet  without  partings  to 
0 feet  Avith  usually  two  shale  and  clay  partings.  Often  these  part- 
ings are  G to  8 inches  or  even  up  to  14  inches  thick.  The  roof 
has  often  8 feet  of  clay  overlying  it  and  over  that  is  black  shale 
with  sandstone  still  above.  The  sandstone  often  conies  down  and 
cuts  into  the  coal.  Going  from  Coalport  to  Irimna  the  coal  splits. 
The  tAvo  benches  are  9 feet  apart  near  Irvona  and  are  reported  to  be 
much  farther  apart  to  the  nortliAvest. 

Chest  Creel:  District.  The  Allegheny  formation  outcrops  in  the 
loAver  slopes  of  the  hills  along  Chest  creek,  the  lowest  coals  being 
beloAV  drainage.  The  ‘‘E”  coal  is  worked  at  La  Jose  Avhere  it  has  a 
thickness  of  2 feet  8 inches  to  3 feet  8 inches.  It  has  a binder  8 
inches  to  1 foot  from  the  bottom.  It  has  about  the  same  thickness 
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at  Ostend.  Apparently  the  same  coal  at  St.  Lu  reaches  a thickness 
of  6 feet  7 inches,  but  it  is  badly  split  uii  with  partings.  This  con- 
dition seems  to  extend  southward  to  Waukesha,  though  with  a 
reduction  in  the  thickness  of  the  coal.  The  coals  of  this  district  as 
a whole  do  not  promise  well.  As  a rule  the  thicker  coals  are  badly 
split  up  with  partings,  often  so  as  to  be  unworkable  commercially, 
while  the  coals  not  so  badly  split  up  are  in  the  main  thin, — 20  to 
30  inches  usually.  On  account  of  the  thinness  of  the  coals  and  the 
lack  of  any  sandstones  or  rocks  that  would  serve  as  stratigraphic 
aids,  the  stratigraphy  of  the  coals  of  this  district  have  not  been  well 
worked  out. 
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PETKOJ.ELLM  AND  GAS. 


By  M.  J.  Munn. 

1 niroductory  Note.  The  work  oJ;  the  geologist  in  connection  with 
the  production  of  oil  and  gas  is  in  six  or  more  lines.  He  has  first 
to  learn  the  stratigraphy  of  the  oil  and  gas-bearing  rocks;  in  other 
words,  to  learn  how  many  sandstones  or  other  rocks  in  any  area 
are  oil  or  gas  producing,  and  the  character  of  each  rock  as  to  kind, 
color,  fineness  or  coarseness  of  grain,  etc. ; how  far  they  are  apart ; 
how  thick  they  are;  whether  they  thicken  or  thin  in  any  direction; 
whether  the  distance  between  them  remains  constant,  and  if  not, 
just  how  and  how  much  it  changes;  to  what  outcropping  rock  the 
oil  or  gas  bearing  rocks  correspond;  what  age  they  belong  to,  so 
as  to  determine  in  what  ages  oil  and  gas  bearing  rocks  occur;  the 
correspondence  betAveen  the  sands  of  one  pool  and  those  of  anothei’, 
etc.,  etc. 

In  the  second  place  he  AA’ill  AAmrk  out  the  structure  of  the  region 
under  deAvlopment  and  aauII  then  study  carefully  the  relation  of 
the  productiA^e  Avells  to  the  structure  as  he  lias  A\mrked  it  out. 

In  the  third  place  he  Avill  learn  everything  possible  about  the 
occurrence  of  Avater  in  the  Avells  and  in  the  producing  sands,  and  the 
apparent  relations  betAveen  the  occurrence  or  abundance  of  water  and 
ihe  productiATiiess  of  the  Avells.  He  Avill  learn  all  he  can  in  regard 
lo  the  pressure  or  head,  both  the  original  head,  after  equilibrium 
has  been  established,  and  at  later  dates;  the  effect  of  iieAv  Avells  on 
(he  pressure  or  head  of  old  Avells,  etc.,  etc. 

In  the  fourih  place  he  Avill  learn  the  kind  and  quality  of  the 
product  of  each  AA^ell,  physically,  chemically  and  commercially;  any 
variations  in  these  elements  from  time  to  time  or  from  AA^ell  to 
well,  or  from  pool  to  pool,  or  between  the  products  of  one  sand  and 
(hose  of  anothei-,  and  the  association  with  the  primary  products  of 
secondary  substances. 

In  the  fifth  place  he  will  study  both  microscopically  and  chemically 
the  character  of  the  oil  and  gas  bearing  strata,  and  the  strata  above 
and  beloAV,  to  determine  if  possible  the  source  of  the  oil  and  gas. 

In  (he  sixth  place,  with  all  of  these  data  in  hand  he  Avill  then 
attempt  to  i)ut  these  different  facts  together  to  see  if  he  can  find 
any  relationship  between  certain  groups  of  facts  and  others;  for 
example,  he  will  try  to  determine  whether  the  oil  and  gas  produc- 
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ing  sands  are  restricted  to  rooks  of  certain  ages  or  certain  kinds; 
if  lie  finds  them  to  be  so  restricted  he  can  then  block  off  certain 
areas  on  the  map  and  can  say,  .so  far  oil  and  gas  have  not  been 
found  in  the  rocks  of  the  age  or  kind  that  underlie  these  areas,  or 
he  may  say  in  regard  to  a proj)Osed  drilling  at  any  ])lace,  you 
are  risking  failure  if  you  drill  below  so  far,  for  at  Hiat  depth  you 
will  reach  rocks  in  which  no  oil  or  gas  has  ever  yet  been  found. 
Or,  on  the  other  hand,  he  can  sai'  of  a certain  area,  this  area  is 
underlain  by  rocks  that  are  oil  or  gas  bearing  in  other  places;  and 
of  any  place  he  can  say,  at  this  place  it  is  approximately  so  many 
feet  or  hundreds  of  feet  to  such  and  such  a sand  which  is  oil  or  gas 
producing  in  some  neighboring  region. 

In  his  study  of  the  structure  he  will  attempt  to  discover  if  the 
productive  wells  are  confined  to  particular  parts  of  the  structural 
folds.  If  he  finds  that  they  are  he  can  then  say,  after  having  worked 
out  the  structure  in  undeveloped  area,  the  productive  wells  appear  to 
lie  near  the  axes  of  the  anticlines;  therefore  drill  near  the  axis  of 
this  anticline  as  I have  determined  it.  If  such  a relation  seems  to 
exist  sometimes  and  sometimes  not,  he  will  then  seek  to  discover 
what  other  factors  are  involved  and  in  what  way.  He  may  find 
that  where  the  sand  is  saturated  with  water  the  productive  wells 
show  a certain  definite  relation  to  the  structure,  and  where  the  sand 
is  not  saturated  they  show  some  other  relation. 

These  are  but  a few  of  the  hundreds  of  relationships  that  have 
to  be  compared  and  studied.  It  is  evident  at  once  that  were  the 
geologist  able  to  solve  all  of  these  problems  he  could  reduce  the 
risk  of  the  oil  and  gas  business  to  a minimum. 

It  has  always  been  true  that  a half  truth  may  pass  as  true  as 
long  as  you  know  no  exceptions  to  it.  An  increase  in  knoAvledge 
is  always  liable  to  contain  the  exceptions  that  upset  the  rule.  Again 
it  is  often  true  that  an  increase  in  the  number  of  facts  may  not  only 
upset  old  rules  or  conceptions,  but  because  they  are  still  only  par- 
tial, may  give  a confused  view  of  existing  relations  that  can  only 
be  cleared  up  by  a much  larger  number  of  facts  or  by  a comjdete 
knowledge  of  the  facts.  Our  knowledge  of  the  relations  that  have 
determined  the  occurrence  or  accumulation  of  oil  and  gas  in  the 
Appalachian  field  is  at  present  much  in  this  intermediate  condition. 
Accurate  delineation  of  the  structure  has  for  the  first  time  alloAved 
both  a close  and  a broad  study  of  the  relations  of  the  accumula- 
tion to  the  structure.  The  recent  work  in  southAvestern  Pennsyl- 
vania, particularly  the  Avork  of  l\Ir.  Griswold,  and  even  more  es- 
pecially the  recent  work  of  Mr.  IMunn,  has  shoAvn  that  Avhen  the 
data  are  jilotted  on  a large  scale  map,  AAdiere  the  structure  is  shoAvn 
by  5 or  10-foot  contours,  and  each  sand  considered  by  itself,  the 
conditions  are  much  more  complicated  than  had  eATr  been  suspected. 
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The  ainomit  of  data  used  may  be  suggested  by  a few  figures. 
Tlius,  ill  tlie  Sewickley  quadrangle,  and  the  same  is  true  of  some 
other  quadrangles,  in  the  neighborhood  of  2,000  drill  holes  have 
been  accurately  located.  Of  these  the  records  of  about  three-fourths 
have  heen  obtained,  and  of  about  half  more  or  less  detailed  in- 
formation as  to  the  water  conditions,  etc.,  has  been  secured.  To 
digest  all  of  these  facts  so  as  to  arrive  at  any  definite  or  general 
conclusions  is  a task  that  may  easily  be  imagined.  The  graphic 
metliod  has  been  largely  used  in  the  study  of  these  facts.  All  the 
data  of  a single  class  has  been  jiut  upon  a single  chart  and  grouped 
with  other  facts  to  determine  their  relations.  Already  certain  rela- 
tionships seem  to  be  coming  out  as  a result  of  these  studies  and 
others  are  dimly  foreshadowed.  The  great  bodies  of  facts  are  await- 
ing the  acquisition  of  more  facts  before  they  will  fall  into  groups. 
This  need  of  more  facts  is  ejuphasized  by  IMr.  Muun’s  paper  which 
follows : 

G.  H.  A. 

The  quadrangles  in  which  geologic  work  has  been  done  by  the 
State  Survey  iu  co-operation  with  the  Imited  States  Geological  Sur- 
vey, embraces  some  of  the  greatest  oil  and  gas  pools  yet  discovered 
in  the  Appalachian  fields.  In  the  development  of  each  of  these 
pools  it  is  greatly  to  be  de])lored  that  conditions  did  not  permit 
detailed  scientific  investigations  to  accompany,  and  ivlienever  pos- 
sible, direct  the  drill.  The  failure  of  science  to  fortify  itself  with 
the  abundant  facts  then  available  has  resulted  in  an  irreparable  loss 
to  itself,  and  an  equally  great  financial  one  to  producers.  It  is 
quite  certain  that  if  the  most  had  been  made  of  all  data  brought 
1o  light  by  the  drill,  the  geologic  history  of  these  great  accumula- 
tions of  oil  and  gas  would  now  stand  revealed,  and  this  revelation 
would  have  re.sulted  in  the  saving  of  millions  of  dollars  in  the  de- 
velojunent  of  these  accumulations. 

In  a sense,  it  has  been  unfortunate  that  j>lausible  theories  ac- 
counting for  the  origin  and  mode  of  occurrence  of  petroleum  and 
natui'al  gas  have  been  so  easily  formulated,  and  apparently  as  easily 
]U'oven.  This  has  not  been  conducive  to  exhaustive  study  of  the 
deposits  by  geologists,  and  has  led  to  the  confusion,  and  frequently 
to  the  disgu.st,  of  ju-oducers  who  have  attempted  to  religiously  fol- 
low a theory  in  one  section  where  the  geologic  conditions  (which 
they  did  not  observe  or  understand)  were  entirely  different  from 
those  in  another  region  where  that  theory  had  ]>roven  eminently 
satisfactory.  In  recent  years  it  has  become  more  and  more  apparent 
that  this  atmosjdiere  of  uncertainty  can  be  cleared  only  by  a broad 
and  exhaustive  study  of  all  available  data,  not  only  from  the  fields 
of  Pennsylvania  but  from  those  of  the  entire  Ap])alachian  region. 
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Au  immediate  and  more  pressing  need  for  scieniific  investiga- 
tion of  our  petroleum  and  natural  gas  resources  lies  in  the  fact 
that  this  source  of  heat  and  light  is  rapidly  becoming  de})leted. 
The  common  good  demands  that  every  safegnai-d  lx*  exercised  to 
prevent  losses  in  the  production  and  waste  in  the  utilization  of 
these  fuels. 

Kecognizing  this  fact,  geologists  and  ])rodncers  are  now  of  one 
mind  that  it  is  the  duty  of  the  State  and  National  governments  to 
facilitate  in  every  way  possible  any  commendable  effort  looking 
towai'd  this  end  in  the  belief  that  it  is  the  duty  of  this  generation 
to  leave  to  ])osterity  a creditable  scientific  and  economic  history  of 
these  remarkable  deposits. 

GEOLOGIC  CORRELATION  OF  THE  PRINCIPAL  OIL  SANDS  OF  PENN- 


SYLVANIA. 

Driller’s  Name.  Geologist’s  Name. 

Monongahela,  

.Pittsburg  coal Pittsburg  coal. 

Conemaugh 

.Murphy  sand Morgantown  sandstone. 

Little  Dunkard  sand,  Saltsburg  sandstone. 

Big  Dunkard,  Hurry-up  or  Cow  Mahoning  sandstone. 
Run  sand. 

Allegheny 

.Gas  sand Kittanning,  Clarion  or 

Homewood  sandstone. 

Pottsville,  

. Salt  sand  Sixtyfoot Connoquenn  e s s i n g , or 

Pottsville  sandstone. 

Mauch  Chunk 

.Little  lime,  Salvation,  or  Max-  Greenbrier  limestone, 
ton  sand. 

Pocono 

.Mountain,  or  Big  Injun  sand,  ..Burgoon  sandstone. 
Squaw. 

Papoose. 

Butler  gas,  Butler  30-foot,  gas. 

Salt,  Murrysville,  or  Berea  (?) 
sand. 

Gantz  and  Fiftyfoot  or  Hun- 
dredfoot  sand. 

Catskill 

. Nineveh  30-foot  or  Thirtyfoot 
sand. 

Snee,  Blue  Monday,  or  Stray- 
stray  sand. 

Boulder,  Gordon  Stray,  or 
Campbell  Run  (?)  sand. 
Gordon,  or  Third  sand. 

Fourth  sand. 

Fifth  (McDonald)  sand. 

Bayard,  or  Sixth  sand. 
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Driller’s  Name.  Geolog-ist’s  Name. 

Chemung,  Elizabeth  sand. 

Warren  first  sand  (?). 

Warren  second  sand  (?). 

Speechley  sand. 

Tiona  sand. 

Bradford  First  and  Second 
sands. 

Eik  (?)  sand. 

Kame  (?)  sand. 

REVIEW  OP  WORK  DONE  IN  OIL  AND  GAS  IN  CO-OPERATION  WITH 
THE  UNITED  STATES  GEOLOGICAL  SURVEY.* 

MASONTOWN-UNIONTOWN  QUADRANGLES. 

The  first  geologic  work  in  the  oil  and  gas  lields  of  Pennsylvania 
lo  be  done  in  co-o])eration  with  the  United  States  Geological  Sur- 
vey was  that  on  the  Masontown-Uniontown  quadrangles,  1900.  At 
that  time  the  only  fields  of  importance  within  the  quadrangle  were 
ihe  newly  discovered  Hadden vi lie,  the  Masontown,  Fayette  and  New 
tteneva  gas  fields  and  the  Sit.  IMorris-Mannington,  Whitely  Creek 
and  Itlackshire  oil  pools.  No  oil  or  gas  to  that  date  had  been  found 
on  file  Uniontown  quadrangle. 

HaddcnviUc  Gas  Field  (16). f At  the  time  of  the  i)ublication  of  this 
re])ort  the  Haddenville  pool  consisted  of  seven  gas  wells  producing 
from  the  Gantz  and  Fifty-foot  sands  and  two  from  the  Big  Injun. 

Fai/cftc  Gas  Pool  do).  The  production  from  this  pool  comes  from 
ihe  Big  Tnjnn,  the  largest  well  being  found  on  the  Eyder  farm 
located  on  the  north  branch  of  Brown’s  run,  about  one  mile  south- 
east of  IMcClellandtown. 

]\[asontoini  Gas  Field.  (14).  In  this  field  the  gas  is  mainly  ob- 
iained  from  the  Gantz,  though  a few  wells  have  considerable  gas 
in  the  Big  Tnjnn.  In  the  New  Geneva  held  (13),  which  at  that  date 
contained  only  four  wells,  the  gas  was  mostly  derived  from  the 
Big  Injun,  a single  well  having  gas  in  the  Fifty-foot  sand. 

il/t.  Uforris  Oil  Field  (9).  Only  the  northern  ]>ortion  of  this  oil 
field  is  embraced  by  the  Masontown  quadrangle,  the  greater  part 
of  it  lying  to  the  south  in  West  ^drginia.  In  this  field  oil  was  first 
obtained  from  what  is  jirobably  the  Mahoning  sandstone  of  the 
Allegheny  Valley.  After  this  pool  was  exhausted  and  the  wells 
aliandoned,  deeper  ones  were  drilled,  getting  production  from  the 
Big  Tnjnn.  This  field  has  yielded  a large  amount  of  oil,  bnt  is  now 
yiractically  exhausted. 


*See  bil)lio,e;raphy  and  history  of  cooperative  g&ologic  work  in  Pennsylvania  for  data  on  field 
work  and  publications  on  the  different  pools. 
tThe  fig-ures  refer  to  the  large  map  where  all  of  the  oil  and  gas  I'lools  are  numbered. 
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Whitely  Creek  Oil  Field  (11).  The  oil  in  this  held  eoines  Irom  the 
sandstones  of  the  Coneniangli  formation,  in-incijjally  from  the  iMa- 
honing  or  Dnnkard  sand,  which  in  some  wells  has  yielded  as  mnch 
as  100  barrels  per  day.  Great  difficnltj’  was  experienced  in  this 
held  in  keeping  the  wells  open  on  account  of  the  tendency  of  the 
soft  shales  to  cave.  In  1902  this  held  was  apparently  almost  ex- 
hausted. 

Blaeksliire  Oil  Pool  (12).  This  is  a small  pool,  the  priiici])al  well 
being  the  Blackshire  Xo.  1,  which  yielded  about  100  barrels  i)er 
day  from  the  Big  Injun  sand. 

Xo  detailed  discussion  of  the  occurrence  of  salt  water  in  these 
•li'ools  is  given.  In  one  or  two  records  water  is  noted  in  the  Big 
Injun  and  the  Salt  sand. 

GAINES  OIL  FIELD. 

The  Gaines  oil  held  is  not  shown  on  Plate  1.  It  is  located  in 
the  western  part  of  Tioga  county,  about  171  miles  from  the  Xew  York 
State  line,  and  is  the  most  eastern  oil  held  in  Pennsylvania. 

The  Gaines  held  consists  of  tlie  Watrous  pool  producing  from  the 
.\twell  sand,  and  the  Illanhattan  pool,  which  gets  its  oil  from  the 
Blossburg  “Formation.”  These  oil-bearing  beds  are  in  the  Chemung 
formation  at  about  the  horizon  of  the  Bradford  group.  The  largest 
well  in  these  pools  produced  2,100  barrels  the  hrst  day  from  the 
Blossburg  formation,  but  declined  rapidly,  as  do  all  the  wells  from 
this  horizon.  The  wells  in  the  Atwell  sand  come  in  small,  but  hold 
np  well. 

This  held  was  iiretty  clearly  outlined  in  1901.  having  about  ninety 
producing  wells.  The  pools  lie  along  the  southern  lind)  of  the  Pine 
creek  syncline,  occupying  the  toj)  of  a monocline  or  bench,  with  the 
“break”  toward  the  north.  8alt  water  is  found  in  the  producing 
sands  down  the  slope  from  the  oil  and  gas  in  the  dry  sand  above. 
This  is  an  instance  where  the  water  in  tl.e  oil  sand  has  apparently 
reached  a state  of  equilibrium  and  the  oil  and  gas  have  had  time  to 
arrange  themselves  in  the  sandstone  with  reference  to  gravity,  the 
water  below,  and  the  gas  above. 

BROWNSVILLE  AND  CONNELLSVILLE  QUADRANGLES. 

i)nly  a general  study  was  made  of  the  oil  and  gas  resources  of 
these  quadrangles. 

Xo  oil  pools  had  been  discovered  within  this  area  at  that  time, 
and  no  gas  on  the  Counellsville  quadrangle. 

The  gas  pools  on  the  Brownsville  nuadraugle  conform  closely  to 
the  structure,  the  important  pools  lying  along  or  near  the  crests 
of  the  anticlines.  At  the  time  1his  report  was  written  there  were 
three  well-defined  gas  pools  within  the  quadrangle. 
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BcUcvcrnon  (Jus  Field  (lU).  This  held  extends  soutlnvestward 
along  the  crest  of  the  Bellevernon  anticline  IToni  the  vicinity  of 
Sinithdale  to  the  south  fork  of  Maple  creek.  In  this  held  the  gas 
comes  princi]>ally  from  the  Big  Injun,  Gantz  and  Fifty-foot  sands. 
The  maximum  rock  pre.ssure  was  about  850  pounds,  from  the  Fifty- 
foot  sand. 

Centerville  (Jus  Field  (IS).  This  held  is  situated  on  the  pitching- 
crest  of  the  Bellevernon  anticline  near  the  southwest  corner  of  the 
quadrangle.  Jn  it  nearly  all  the  gas  comes  from  the  Fift^^-foot, 
Ihongh  some  comes  froiu  the  Elizabeth  sand. 

Fonvurd  (Jus  Field  (20).  This  gas  is  found  in  the  Big  Injun,  Gantz, 
Fifty-fool,  Gordon  and  Sixth  sands,  the  Gordon  sand  leading.  This 
held  was  opened  up  in  1000.  Some  of  the  wells  ])roduced  as  much 
as  three  nullion  cubic  feet  per  day.  It  is  located  on  a local  anticline 
in  Forward  township,  west  of  the  Ihgeon  creek  syncline. 

In  this  paper  (U.  S.  G.  S.  Folio  82)  no  mention  is  made  of  the 
occurrence  of  salt  evater  in  the  deep  sands,  except  that  brine  for  the 
manufacture  of  salt  was  obtained  from  a number  of  shallow  wells 
drilled  on  the  Connellsville  (pmdrangle,  south  of  SeAvickley  creek, 
from  Hunkers  to  Emmonston.  It  is  to  be  regretted  that  an  attempt 
was  not  made  to  trace  the  horizons  carrying  salt  water  from  east  to 
Avest  across  these  quadrangles,  and  to  secure  data  regarding  the 
capacity  and  head,  at  different  ])oints.  This  AA'ould  lArobably  as- 
sist greatly  in  explaining  the  peculiar  Avater  conditions  in  the  oil 
sands  in  areas  further  to  the  AA-est.  It  is  not  improbable  that  the 
Bocono  formation,  expo.sed  along  the  axis  of  the  Chestnut  Ridge 
anticline  in  the  UniontoAvn  and  Connellsville  quadrangles  and  to  the 
east,  has  seiwed  as  a catchment  area,  fi-om  Avhich  meteoric  Avaters 
have  penetrated  to  the  Catskill  formation  in  the  Claysville  and 
■\Vaynesburg  quadrangles.  It  seems  easily  possible  for  Avater  traA'- 
eling  that  distance  through  rocks  of  this  kind  to  take  up  in  solution 
the  percentage^  of  salt  found  in  it. 

INDIANA  QUADRANGLE. 

At  that  time  (11)01)  no  oil  had  been  found  in  i>aying  quantities 
Avithin  the  (pmdrangle,  and  but  tAvo  small  pools  of  gas. 

Wdlefts  (lus  Fool  (85).  IMo.st  of  the  A'illetts  ])Ool  lies  to  the  west 
of  the  Indiana  (piadrangle,  along  the  crest  and  dajiks  of  the  Roar- 
ing run  anticline;  but  in  1800  and  1891  six  ])roducing  aavHs  Avere 
drilled  on  an  extension  of  this  field  to  the  northeast.  These  AAmlls 
are  located  on  the  south  foi*k  of  Blumb  run  in  the  vicinity  of  Wil- 
letts. The  ])roducing  sand  is  froni  15  to  25  feet  thick  and  lies  about 
1,100  feet  beloAV  the  U]>per  Free])ort  coal.  This  sand  AAms  not  corre- 
lated Avith  the  oil  sands  further  Avest,  but  it  probably  belongs  to 
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the  Pocono  formation  and  is  possibly  equivalent  to  the  Miirraysville 
sand.  The  roek  pressure  in  these  wells  varied  from  275  to  350 
pounds,  the  maximum  minute  pressure  reaching  245  pounds, 
inch  casing.  In  one  well  the  closed  pressure  diminished  from  275 
pounds  in  1891  to  100  pounds  in  1901. 

Crcclcside  Gas  Pool  (84).  The  Creekside  pool  in  1901  consisted 
of  four  producing  wells  and  three  dry  holes.  The  rock  pi’essure  was 
about  325  pounds,  and  minute  pressure  105  pounds  in  4-inch  casing. 
Tne  gas  probably  comes  from  The  same  horizon  as  that  of  the  Wil- 
letts pool. 

Hundred-foot  contour.s  on  the  Upper  Freeport  coal  show  the  Wil- 
letts pool  to  be  located  on  the  flank  of  the  Koaring  run  anticline, 
and  the  Creekside  pool  similarly  situated  midway  between  the  crest 
of  the  McKee  run  anticline  and  the  Elders  Kidge  syncline.  Since 
no  mention  is  made  of  the  iiresence  of  salt  water  in  this  held,  it 
is  not  possible  from  the  other  data  at  hand  to  state  how  closely 
these  pools  conform  to  the  anticlinal  theory. 

LATROBE  QUADRANGLE. 

The  next  geologic  Avork  done  by  the  State  of  Pennsylvania  in  co- 
operation with  the  United  States  Geological  Survey  within  the  oil 
and  gas  region  was  that  for  a folio  of  the  Latrobe  (juadrangle,  which 
lies  to  the  northeast  of  the  Connellsville  and  to  the  southwest  of 
the  Indiana  quadrangle. 

At  this  time  (1901-1902)  oil  in  paying  quantities  had  not  been 
discovered  within  the  area,  and  but  a single  gas  ])Ool  of  limited  ex- 
tent. This  pool  (115)  occupies  the  crest  of  a dome  in  the  Fayette 
syncline  lying  three  miles  west  of  Latrobe. 

No  mention  is  made  of  the  producing  sands  nor  of  water  condi- 
tions in  the  deep  sands  as  determined  by  drilling.  Nothing  of  im- 
portance regarding  oil  and  gas  was  learned,  except  that  the  ]>ool 
discovered  occupies  the  crest  of  an  anticline. 

KITTANNING  AND  RURAL  VALLEY  QUADRANGLES. 

In  1902-1903  the  entire  itroduction  of  oil  on  the  Rural  Valley 
quadrangle  came  from  two  small  aatIIs  located  about  three  miles 
southeast  of  Kittanning.  The  first  oil  found  on  the  Kittanning 
quadrangle  Aims  probably  that  from  a aa’cH  at  Rrady’s  P>end  (92) 
drilled  in  1865.*  At  this  place  as  many  as  14  aavHs  Avere  drilled 
before  1871,  getting  some  oil  and  gas.  Aside  from  this  ]>ool  the 
oil-producing  areas  are  confined  to  the  AAVstern  quarter  of  the  Kit- 
tanning quadrangle,  from  Karus  soutliAA'ard  to  Rough  run  (93).  These 
fields  were  deATloped  betAveen  1873  and  1875.  ^lany  of  the  aavIIs 
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]»i'oduced  from  100  to  2,000  barrels  per  day,  the  total  production 
being  very  large. 

Tbe  Stray,  Third  and  Fourth  sands  are  the  great  oil-bearing  beds 
of  this  Held.  Contours  on  the  'Sbrnport  limestone  show  that  these 
pools  are  situated  at  and  near  the  bottom  of  the  Brady’s  Bend  syn- 
cline. 

The  Murrysville,  Ilundred-foot,  Thirty-foot,  Fifth,  Speechley  and 
Tiona  sands  have  been  a prolific  source  of  nalural  gas  within  these 
quadrangles.  Pools  in  these  sands  occur  on  the  crests  and  slopes 
of  the  principal  anticlines,  and  sometimes  well  down  in  the  troughs 
of  the  synclines.  In  the  latter  cases,  however,  the  pools  are  of 
secondary  importance,  the  synclines  being  generally  barren.  Many 
single  wells  have  produced  more  than  a million  cubic  feet  per  day, 
the  maximum  for  a single  well  being  probably  30,000,000  cubic  feet. 
The  gas  pools  of  these  quadrangles  are  discussed  by  the  author  as 
follows : 

'‘Gas  Fields.  The  gas-bearing  territory  of  the  quadrangles  is  more 
or  less  completely  separated  into  several  fields  by  areas  of  compara- 
tively unproductive  territory.  The.se  are  the  Winfield  field  (94)  lying 
in  Winfield,  West  Franklin  and  North  Buffalo  townships;  the  Madi- 
son field  (07)  lying  in  Jladison,  Wa.shington  and  the  northern  part 
of  East  Franklin  townships;  the  Glade  Bun  field  (9.5)  lying  to  the 
west  of  Glade  run  in  eastern  North  Buffalo  and  southern  East  Frank- 
lin townships;  the  Limestone  Bun  field  (96)  near  the  month  of  that 
.stream,  and  the  Cowanshanuock  field  (98),  including  most  of  Kit- 
tanning, Cowanshaunock,  Valley,  Boggs  and  MMyne  townships.  In 
addition  to  tlie.se  there  are  several  smaller  fields — one  just  east  of 
Ford  City  (99),  one  along  Garrett  run  (100),  one  at  Atwood  (101), 
another  north  of  Mahoning  Furnace  (102),  and  one  in  Eedbank  town- 
ship in  the  northeast  corner  of  the  Bural  Valley  quadrangle  (103). 
All  these  contain  comparatively  few  wells,  and  the  product  of  the.se 
is  generally  not  large.  The  one  east  of  Foi’d  City  developed  in 
1902,  is  the  most  important.  A number  of  good  wells  were  drilled, 
but  the  field  proved  to  be  of  small  extent. 

Gas  does  not  occur  in  the  deepest  parts  of  the  synclines,  though 
there  are  some  apparent  exceptions  to  the  rule.  In  the  vicinity 
of  Slate  Lick  (104),  a few  paying  wells  have  been  drilled  to  the 
Speechley  sand  in  the  bottom  of  the  Boggsville  syncline.  Even  here, 
however,  the  rocks  are  rising  from  the  deejier  part  of  the  syncline 
to  the  locality  of  the  well.  A number  of  good  wells  were  obtained 
in  the  Murrysville  sand  at  Ford  City,  near  the  axis  of  the  Fairmount 
syncline,  but  they  are  100  feet  above  the  bottom  of  the  syncline. 
The  two  wells  on  the  Starr  farm  south  of  Hays  run  are  on  the  axis 
of  the  Fairmount  syncline,  but  on  the  crest  of  a low  cross  anticline 
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that  separates  the  depression  on  I*ine  creek  from  the  portion  of 
tlie  syncline  farther  soulli.  The  wells  in  the  vicinity  of  iMosgrove 
and  on  Garrett  run,  though  near  the  synclinal  axis,  are  still  about 
100  feet  above  the  bottom  of  the  basin.  Southeast  of  Itlanco  there 
are  two  light  wells  in  the  Apollo  syncline,  but  here  again  is  a low 
cross  anticline.  In  the  vicinity  of  Jtural  Valley  there  are  a few  wells 
in  the  tiat-lying  strata  fringing  tlie  base  of  the  Greendale  anticline, 
but  dry  holes  have  been  tlie  general  result  of  drilling  at  greater  dis- 
tances from  the  anticline.  Near  Atwood  a few  wells  have  been 
obtained,  but  the  records  of  these  wells  indicate  a slight  anticlinal 
structure  at  that  place.  The  wells  in  the  northeast  comer  of  the 
Rural  Valley  quadrangle  are  near  the  crest  of  a pronounced  anti- 
cline.” 

The  somewhat  detailed  study  of  the  occurrence  of  oil  and  gas  on 
these  quadrangles,  together  with  the  excellent  stratigraphic  work 
done,  has  been  and  will  be  of  much  value  in  broader  studies  of  these 
deposits  throughout  the  State. 

WAYNESBURG  AND  ROGERSVILLE  QUADRANGLES. 

The  Waynesburg  quadrangle  lies  west  of  the  Masontown,  and  is 
bordered  on  the  west  by  the  Rogersville.  These  two  quadrangles 
lie  almost  wholly  within  Greene  county  and  embrace  a number  of 
the  largest  gas  pools  yet  found  in  Pennsylvania.  Field  work  for 
a folio  on  the  Waynesburg  quadrangle  was  mostly  done  in  1902,  by 
Ralj)h  V'.  Stone,  assisted  by  iM.  1.  Goldman,  and  the  folio  published 
by  the  United  States  Geological  Survey,  in  190,5.  Field  work  for  the 
Rogersville  folio  was  completed  in  1905  by  F.  G.  Clap])  and  pub- 
lished in  1907.  Later,  a large  amount  of  unpublished  data  was 
added  to  that  in  the  folios,  and  a bulletin  on  the  Oil  and  Gas  Fields 
of  Greene  County,  Pa.,  ])repared  by  IMessrs.  Stone  and  Clapp,  and 
published  in  t907,  the  field  work  being  finished  in  December,  1905. 
This  was  the  most  exhaustive  discussion  of  any  portion  of  the  oil 
and  gas  fields  of  Pennsylvania  to  that  time  attempted  in  co-opera- 
tive work,  it  marks  a distince  advance  in  the  investigation  of  these 
deposits.  Attention  was  given  to  stratigraphic  and  structural  prob- 
lems relative  to  pools  of  oil  and  gas,  and  the  probable  importance 
of  salt  water  as  a factor  in  the  formation  of  these  pools  was  pointed 
out. 

A fact  noted  in  this  paper,  which  may  ultimately  be  found  of 
importance  in  explaining  the  causes  which  have  led  to  the  accumu- 
lation of  these  bodies  of  hydrocarbons  in  certain  spots  over  this  area, 
is  that  the  shallow  sands  carry  oil  in  the  eastern  paid  of  Greene 
county,  and  from  there  westward  the  oil-bearing  beds  are  succes- 
sively lower  and  lower  in  the  geologic  column.  In  Dunkard,  Monou- 
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galiela  and  Perry  townships,  the  pools  were  found  in  the  Morgan- 
town, Dnnkard  and  P>ig  Injun  sands.  Tlie  Foiiner  pool  (23)  in  the 
nortlnvest  corner  of  the  tVaynesburg  (|uadrangle  ])roduces  from  the 
(lantz  and  Fifty-foot  sands.  Farther  westward,  the  Fineveh  pool 
(17)  is  found  in  the  Nineveh,  or  Thirty-foot  sand.  The  Bristoria  pro- 
dnction  (5)  comes  from  the  Nineveh  and  Gordon.  At  Aleppo  (3)  the 
oil  conies  from  the  Gordon  and  Fourth  sands  Avith  some  oil  and  gas 
in  the  Fifth  sand.  Tavo  exceptions  to  this,  are  the  Broad  Tree  (1) 
pool  near  the  soutliAvest  corner  of  Rogersville  quadrangle,  Avhich 
in-odnces  mostly  from  the  Big  Tnjun,  and  the  Lantz  pool  (4)  in 
IVajme  tOAvnship,  jnst  off  the  southeast  corner  of  the  Rogersville, 
Avhich  comes  from  the  Fifth  sand. 

With  the  data  noAV  in  hand  this  fact  cannot  he  explained,  though 
it  is  possible  that  a detailed  study  of  the  AAUiter  conditions  in  the 
different  beds  might  throAV  some  light  on  this  point.  The  gas  iiools 
do  not  a])])ear  to  conform  to  this  rule,  though  the  shalloAV  sands 
are  probably  more  iiroductive  in  the  eastern  than  in  the  Avestern 
part  of  this  area. 

Aside  from  the  economic  value  of  this  paper,  it  Avill  eATiitually 
be  of  great  service  to  the  geologist  who  combines  the  ATry  widely 
scattered  observations  on  the  oil  and  gas  fields  of  PennsylA’ania  into 
a theory  more  in  unison  with  the  facts  as  they  are  found  to  exist. 

ELDERS  RIDGE  QUADRANGLE. 

At  Ihe  time  field  Avork  Avas  completed  on  this  quadrangle  (1902) 
more  than  200  deep  Avells  had  been  drilled,  resulting  in  the  location 
of  seven  or  n'lore  gas  pools.  Oil  Avas  found  in  but  a single  Avell  near 
Whitesburg,  Avith  a i>roduction  of  about  tAVO  barrels. 

The  principal  gas  sands  are  the  Murrysville,  Hundred-foot,  Fifth, 
Sl>eechley  and  Tiona.  Rtructurally,  these  pools  are  almost  without 
exce]>tion  at  the  crest  or  avcII  up  the  flanks  of  the  anticlines. 

Willetts  Pool  (S5).  Production  from  Murrysville  sand.  Initial 
closed  pressure  275  to  350  pounds;  maximum  initial  minute  pres 
sure,  245  pounds  in  0}  inch  casing.  About  25  producing  wells.  Pool 
Avas  developed  in  1S90-91.  Closed  pressure  in  1901,  about  100  pounds, 
Avith  about  18  AA’ells  producing. 

PI  mill)  Pun  Pool  (SG).  Production  from  Murrysville  sand;  rock 
]>ressure,  350  pounds;  maximum  capacity  of  a single  Avell  betAATen 
one  and  Iavo  million  cubic  feet.  This  pool  has  been  developed  since 
ISOS,  and  consisted  of  less  than  20  wells  in  1902. 

Pajj  Pool  (91).  Development  in  this  pool  aauis  begun  in  1897,  the 
IMurrysville  and  Hundred-foot  being  the  principal  producing  sands, 
though  some  big  Avells  were  gotten  in  Third  sand. 
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The  initial  closed  i)i-essnre  in  MniTvsville  and  llnndred-root  ranged 
from  il50  to  530  pounds.  In  l!)0l!  the  closed  pressure  was  100  ponnds 
or  less. 

Uh'ijj  Pool  (87).  This  })ool  was  discovered  in  1805.  In  1002  it 
contained  about  45  Avells. 

Initial  rock  pressure  about  325  pounds. 

The  majority  of  these  ivells  were  good  producers  in  1002. 

Pourhuj  Run  Pool  (88).  Tlie  first  well  was  drilled  in  this  ])ool  in 

1804.  The  gas  comes  from  the  IMurrvsville  and  Hundred  foot  sands. 
Initial  closed  pressure  ranged  from  over  300  to  over  500  ])ounds. 

PhcUlHunmcr  Field  (80).  This  j)ool  was  developed  in  1804  and 

1805,  and  consisted  of  30  or  more  wells  in  the  Hundred  foot,  Third 
and  Fifth  sands.  Maximum  initial  pressure,  400  pounds  in  45 
seconds.  Closed  pressure  in  the  pool  was  from  120  pounds  to  500 
pounds. 

Rocl  villc  Pool  (00).  Drilling  in  this  pool  was  begun  in  1803.  Gas 
is  found  in  the  Murrysville,  Third  and  Fifth  sands.  These  wells 
showed  maximum  minute  ])ressure  of  about  305  pounds,  and  rock 
pressure  of  from  300  to  400  pounds. 

BEAVER  QUADRANGLE. 

This  quadrangle,  which  lies  on  the  western  tiank  of  the  bituminous 
coal  basin  of  Pennsylvania,  includes  three  important  oil  pools  and 
at  least  one  gas  pool  of  considerable  extent. 

The  structure  as  depicted  by  contours  drawn  in  part  on  the  top 
of  Ames  limestones  and  in  part  on  the  roof  of  the  Upper  Freeport 
coal,  does  not  reveal  any  clearly  defined  anticlines  and  synclines 
within  the  area,  but  shows  a remarkable  uniformity  in  the  dip  of 
the  rocks  to  the  southeast. 

Smiflrs  Ferry  Field.  The  Smith's  Ferry  held  lies  along  the  west- 
ern border  of  the  quadrangle,  north  of  Ohio  river,  between  Smitli's 
Ferry  and  Ohioville.  It  is  one  of  the  oldest  fields  in  southwestern 
Pennsylvania,  having  been  opened  up  in  1800.  Oil  was  hrst  obtained 
from  seepage  into  Ohio  river  from  a crop  of  the  Homewood  sand- 
stone. The  hrst  wells  were  less  than  200  feet  deep.  One  well  72 
feet  deej)  had  a total  production  of  400  barrels  of  29°  oil.  In  1800 
the  held  ])robably  ])roduced  250  barrels  per  day.  Tn  1870  there  were 
about  200  producing  wells  with  an  annual  ]>roduction  of  about 
35,000  barrels. 

The  oil-bearing  sands  are  ]>robably  tlie  Sail  sand.  Pig  Tnjuu,  and 
what  is  here  known  as  Perea,  which  is  equivalent  to  the  Putler  gas 
sand. 

Fhannopin  Pool  (53).  This  held  extends  across  the  southeast  cor- 
ner of  the  quadrangle,  a large  portion  of  the  pool  being  on  the 
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Sewickley  quadrangle  to  the  east  of  tlie  Beaver.  This  pool  was  de- 
velo])ed  in  18SC-7.  Its  total  in'oductioii  to  January  1,  1887,  was 
483, ()()()  barrels.  Its  greatest  output  was  from  1887  to  1889,  some 
single  Avells  producing  as  much  as  400  barrels  per  day.  Many  of  these 
wells  are  still  pumping. 

The  llundred-foot  is  the  oil-bearing  sand  of  Ihis  pool.  More  or 
less  salt  water  is  pumped  in  Avith  Ihe  oil  from  this  sand.  Struct- 
urally, the  position  of  this-pool  differs  someAvhat  from  those  found 
in  Ihe  Hundred-foot  sand  to  the  northeast,  where  the  productive 
areas  occupy  the  crests  or  flanks  of  the  anticlines. 

Jfool'stoini  Pool  (55).  This  pool  is  situated  on  Ihe  western  edge 
of  the  quadrangle,  soulh  of  Ohio  river  and  west  of  Ilookstown.  It 
Avas  discovered  and  opened  up  in  1889. 

The  maximum  production  of  single  Avells  probably  did  not  exceed 
150  barrels  per  day. 

The  oil-bearing  bed  is  the  so-called  Berea  of  this  vicinity,  which, 
as  stated  aboA’e,  probably  is  equivalent  to  the  Butler  gas  sand,  or 
Mnrrysville  sand  of  Butler  and  Armstrong  counties,  as  recent  in- 
vestigations by  Mr.  Butts  (p.  19G),  proves  fairly  conclusively  that  the 
true  Berea  grit  of  Ohio  is  the  same  as  the  Hundred-foot  sand  of 
Penn.sylA'ania.  That  jiortion  of  the  lIookstOAvn  jiool  lying  Avithin 
the  (piadrangle  is  near  the  crest  of  a local  arch  Avhich  apparently 
extends  imrtliAvest  from  HookstoAvn  to  Ohio  river  or  beyond.  From 
ibis  it  might  be  inferred  that  the  producing  sand  carries  salt  Avater. 

Ncni  Sheffield  Gas  Fool  (54).  This  pool  extends  from  the  vicinity 
of  7\.li(piippa  on  the  Ohio  rivei'  off  the  eastern  border  of  the  Beaver 
([uadrangle  soutliAvest  to  three  miles  beyond  Ncav  Sheffield.  The  pool 
has  ]u-oduced  an  enormous  amount  of  gas  from  the  Hundred-foot 
sand,  some  of  the  aavIIs  having  an  initial  daily  ca])acity  of  as  much 
as  18,000,000  culuc  feet.  The  close  pressure  ranged  from  350  to  000 
j)onnds.  The  maximum  minute  ])i*essure  of  a single  AA-ell  is  not 
knoAvn,  but  in  a number  of  these  Avells  it  ranged  from  150  to  420 
pounds. 

The  northern  end  of  this  pool  lies  along  the  steeper  part  of  a 
slight  monocline,  but  the  southern  end  apparently  crosses  the  shal- 
loAV  trough  of  a small  syncline  having  a nortliAvest-southeast  trend. 
No  data  is  given  regarding  salt  Avatei',  but  the  Hundred-foot  probably 
carries  some  Avater  in  this  pool.  > 

AMITY  QUADRANGLE. 

The  structure  of  the  rocks  on  the  Amity  quadrangle  has  been  de- 
])icted  by  fifty-foot  contours  draAvn  on  the  base  of  Ihe  Pittsburg 
coal,  cleA'ations  on  this  haA’ing  been  secured  at  a great  many  points 
from  outcrops  and  in  deep  wells,  with  anaroid,  and  band  leAml, 
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In  this  quadrangle  three  oil  i)ools,  and  at  least  tour  distinct  gas 
pools  have  been  found,  besides  several  single  wells  or  small  groups, 
that  have  produced  more  or  less  oil  and  gas. 

Washington  Oil  Field  (26).  This  is  one  of  the  largest  oil-producing- 
areas  in  southwestern  Pennsylvania.  It  extends  in  a continuous  belt 
from  Washington  six  miles  northeast,  and  from  Washington  west- 
ward on  the  Cla}'sville  quadrangle  to  within  less  than  one  mile  of 
that  town.  This  field  was  di.scovered  Deceud)er  31,  1881,  by  the 
original  “Gautz”  well  in  the  town  of  Washington. 

At  the  end  of  1885  the  field  had  produced  1(),5(H)  barrels.  In  5Iay, 
1886,  sixteen  wells  were  in,  with  a daily  production  of  1,060  barrels. 
In  June  of  the  same  year,  this  increased  to  10,120  barrels  per  day. 
The  maximum  lu’oduction  was  reached  in  October,  1886,  with  a daily 
output  of  17,549  barrels. 

In  that  portion  of  this  field  which  lies  within  the  Amity  quadrangle 
the  Gantz  and  Fifty-foot  sands  have  been  the  most  prolific  oil  pro- 
ducers, though  a considerable  jiortion  comes  from  the  Gordon  sand. 
There  have  also  been  one  or  two  good  producers  from  the  Big  Injun. 

]\Iany  of  the  wells  in  this  field  are  still  pumping  from  a fraction 
of  a barrel  to  several  barrels  per  day.  In  this  pool,  as  in  nearly  all 
prolific  pools  found  in  the  Iluudred-foot  sand,  more  or  less  salt 
water  accompanies  the  oil.  The  oil  in  those  wells  having  little  or 
no  salt  water  is,  as  a rule,  sooner  exhausted  than  those  bearing 
water. 

This  portion  of  the  Washington  pool  occupies  a long,  narrow 
belt  lying  approximately  on  a level  along  the  western  limb  of  the 
Nineveh  syncline.  This  position  of  the  oil  pools  in  the  Hundred- 
foot  sand,  which  is  equivalent  to  the  Gantz  and  Fifty-foot,  is  a char- 
acteristic one  for  that  sand  over  Washington  and  Greene  counties 
and  the  southern  part  of  Allegheny  and  Beaver  counties. 

It  is  somewhat  remarkable  that,  as  a rule,  these  accumulations 
occur  on  slopes  at  points  where  the  rock  appears  to  have  a steex)er 
dip  than  it  has  below  the  oil-bearing  areas.  This  manner  of  occur- 
rence would  apr»arently  boar  out  the  water  line  theory  advanced  by 
Griswold*  if  it  were  not  for  the  fact  that  in  most  cases  the  sand 
on  the  slox>e  above  the  oil  pool  is  also  saturated  with  salt  water. 

Former  Pool  (23)  This  jiool  is  located  in  the  southwestern  corner 
of  the  Amily  quadrangle  and  on  the  adjoining  Claysville,  Bogersi  ille 
and  Waynesburg  quadrangles.  It  lies  along  the  eastern  flank  of 
the  Nineveh  syncline,  well  up  towards  the  cre.st  of  the  Amity  anti- 
cline. The  first  well  was  drilled  in  this  field  in  1897.  It  produced 
1.800  barrels  per  day  from  the  Gantz  and  Fifty-foot  sands.  The 
field  was  developed  in  1897-99  and  reached  its  maximum  production 
in  that  time. 
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On  1!)()3  ten  wells  were  produciiig  in  the  held,  luaking  a total  of 
al)ont  50  barrels  ]>er  day. 

Zollarsi-nic  OiJ  and  Gas  Field  (17).  This  is  the  greatest  gas  pool 
yet  discovered  on  the  (pmdrangles.  It  extends  along  the  eastern 
hank  of  the  Wayneshnrg  syneline,  from  Beallsville  to  a point  on 
the  Wayneshnrg  (piadrangle  three  miles  southwest  of  Zollarsville. 
This  held  is  the  northward  extension  of  the  Wayneshnrg  held  of 
that  (piadrangle.  Oil  occurs  in  only  three  or  four  wells  along  the 
northwest  edge  of  the  pool. 

The  Elizabeth  sand  is  here  the  most  jnolilic  gas  producer,  the 
Bayard  sand  being  second,  and  in  decreasing  ratio,  the  Fifth,  Fifty- 
foot,  Gantz  and  Big  Injun,  and  in  a few  instances  some  gas  has  been 
found  in  the  salt  sand. 

From  the  best  information  available,  it  a])])ears  that  the  same  phe- 
nomenon found  in  other  helds  of  sonlhwestern  Pennsylvania  holds 
good  in  this  area,  namely,  that  the  deeper  the  sand  the  greater  the 
closed  pressure. 

In  the  T.  J.  John  Well  No.  1,  drilled  in  190(1  or  1007,  on  Tenmile 
creek,  two  miles  west  of  Zollarsville,  a small  amount  of  gas  was 
found  in  the  Elizabeth  sand  which  shoAved  a closed  pressure  of  600 
pounds,  and  a minute  pressure  of  75  ])onnds  in  a 6f-inch  hole.  The 
gas  in  this  Avell  bleAV  out  in  21  hours,  so  that  the  data  furnished  by 
it  can  not  be  considered  entirely  trustworthy.  This  aa’cII  is  also  lo- 
cated almost  scpiarely  on  the  axis  of  the  Waynesbnrg  syncline,  at 
which  point  the  Elizabeth  sand  is  about  150  feet  lower  than  it  is  at 
Zollarsville.  From  inconqdete  records  the  Elizabelh  sand  appears 
to  have  a rock  ]>ressnre  of  between  500  and  GOO  pounds. 

Amit/j  Gas  Field,  (22).  This  field  is  shown  by  a number  of  scat- 
tered Avells  along  the  crest  of  the  Amity  anticline  from  Hackneys 
to  wiHiin  a mile  of  Lone  Pine.  The  Salt,  Big  Injup,  Gantz  and  Fifty- 
foot,  Gordon,  Fourth  and  Fifth  sands  are  producers  in  one  or  more 
wells  Avithin  this  field.  A aavII  in  the  small  pool  lying  about  tAvo 
miles  east  of  Lone  Pine  getting  gas  friim  the  Fifth  sand  is  said  to 
have  had  sntficient  jn-essnre  to  raise  the  casing  in  the  Avell. 

Ross  and  Somerset  Fields  (21).  But  little  data  is  at  hand  regarding 
the  Boss  gas  field  on  the  Amity  anticline  west  of  Odell,  and  the 
Somerset  field  on  the  same  anticline  to  the  north  of  Vanceville. 
(Most  of  the  production  comes  Prom  the  Gantz  and  Fifth  sands. 

Linden  Gas  Pool  (30).  This  is  a Fifth  sand  pool  extending  along 
Ihe  bottom  of  the  Nineveh  -syncline  Avest  of  Linden.  The  occiuTence 
of  gas  pools  in  the  bottom  of  synclines  i.s  nnnsnal  and  as  yet  has 
not  been  satisfactorily  explained. 
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BURGETTSTOWN  QUADRANGLE. 

Tlie  Hiirgettstowii  (jiiaflnmgle  lies  south  of  the  Heaver  and  west 
of  the  Carnegie  quadrangles. 

Field  work  for  an  oil  and  gas  bulletin  on  this  (inadrangle  A\as 
done  by  IMr.  W.  T.  (triswold  in  1004  in  conneetion  with  the  making 
of  a topograi)hic  maj)  of  that  area.  This  material  was  combined 
with  similar  data  on  the  Steubenville  and  Claysville  quadrangles, 
and  i)ublished  in  1907  by  the  V.  S.  Geological  Survey  as  Hulletiu 
No.  318. 

Previous  to  this.  Mr.  Griswold  had  evolved  some  new  methods  of 
working  out  the  structure  of  the  oil  sands,  which  he  had  used  very 
successfully  in  similar  work  on  the  Cadiz  (Ohio),  and  the  Steuben- 
ville (Ohio,  West  Virginia  and  Pennsylvania)  quadrangles.  By  this 
method  the  elevations  above  sea  level  of  the  mouths  of  a great  num- 
ber of  deep  wells  were  secured  with  a spirit  level.  In  the  course 
of  this  level  woi*k  elevations  were  also  secured  on  outcropping  coal 
and  limestone  beds,  and  the  intervals  between  these  beds  carefully 
worked  out.  With  this  data  in  hand  it  was,  therefore,  possible  to 
make  a very  accurate  structural  map  not  only  of  an  outcropping 
bed  but  also  of  some  deeply  buried  oil  saud.  In  the  Rurgettstown 
quadrangle  contours  of  the  structural  map  of  the  outcropping  beds 
were  drawn  on  the  base  of  the  Pittsburg  coal,  and  those  for  the  oil- 
bearing bed  on  the  top  of  the  Hundred-foot  sand. 

Structure.  Definite  structural  features  ai*e  absent  on  the  Bur- 
gettstown  quadrangle.  The  rocks  have  a general  dip  to  the  south- 
east, Avhich  is  obscured  by  au  irregular  Avrinkling  of  the  whole  surface 
into  pitching  anticlinal  domes  and  canoe-shaped  basins  having  no 
regular  trend.  The  West  Middletown  syncline,  which  cros.ses  the 
quadrangle  from  north  to  south,  is  the  dominaut  structural  feature. 
Three  important  oil-  pools,  and  as  many  large  gas  })Ools,  have  been 
developed  within  the  quadrangle. 

Jfurdoelsrillc-Florciice  Oil  Field  (41,  42,  -13).  This  field  was  dis- 
covered in  1888,  and  was  still  in  course  of  development  in  1904, 
though  most  of  the  jn-oduciug  ai-ea  had  been  brought  iu  years  be- 
fore. This  field  lies  along  the  western  flank  of  the  West  IMiddletown 
.syucline  for  seven  miles,  with  a maximum  width  of  three  miles. 
Developments  were  begun  in  the  northern  portion  near  ^lurdocks 
ville  and  the  extension  gradually  grew  southward.  In  1904  the 
Florence  pool  at  the  extreme  southern  end  of  the  producing  area 
was  srill  receiving  some  attention.  It  is  now  entirely  developed. 

This  has  been  a very  productive  field  in  the  Hundred-foot  sand, 
which  here  appears  to  contain  little  or  no  salt  water. 

Burgettstoirn-Cross  Creel'  Field  (38).  This  field  lies  along  the 
sides  and  across  the  western  end  of  the  Cross  creek  basin,  four 
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miles  soulh  of  Burgetlstowii.  Tlie  Humlred-foof  sand  produces  most 
of  oil,  though  some  is  found  in  the  Thirty-foot  sand,  which  is  about 
100  feet  below  the  Hundi’ed-foot.  The  wells  in  this  field  are  usually 
small,  though  some  good  wells  are  reported.  The  Hundred-foot 
sand  here  is  closer  and  harder  than  it  is  usually  found  to  be  where 
it  carries  oil.  The  fact  that  this  pool  lies  scpiarely  across  the  bottom 
of  the  deepest  basin  on  the  (piadrangle  seems  to  verify  the  statement 
that  the  sand  does  not  carry  salt  water  in  this  vicinity.  This  pool 
was  in  course  of  development  in  1904. 

McDonald  Pool  (3G).  A portion  of  this  great  pool  lies  along  the 
eastern  edge  of  Ihe  (piadrangle  from  Midway  southward.  It  is  dis- 
cussed as  a whole  under  the  Carnegie  quadrangle  (p.  294). 

Hicli'ori/-Buffalo  Gas  Field  (35).  This  field  occupies  the  crest  and 
flanks  of  the  Westland  dome,  the  highest  point  of  which  is  in  the 
vicinity  of  Westland,  near  the  .southeast  corner  of  the  quadrangle. 
This  is  the  culminating  point  of  Ihe  Washington  and  Claysville  anci- 
clines  of  the  Claysville  quadrangle.  This  is  an  ideal  structural 
feature  for  gas,  and  it  has  ]u’oduced  some  of  the  greatest  wellsvin 
the  State. 

The  first  well  drilled  in  this  field  and  also  the  first  large  gas 
well  drilled  in  Washington  county,  was  completed  in  1882  on  the 
IT.  illcGuigan  farm,  24  miles  southwest  of  Hickory,  on  the  south- 
west slope  of  the  dome.  This  well  furnished  an  immense  flow  of  gas 
from  the  Hundred-foot  sand  and  is  considered  one  of  the  greatest 
gas  wells  ever  discovered.  Subsequent  drilling  has  proven  that 
this  field  covers  almost  the  entire  ai’ea  of  the  dome  and  includes 
the  Buffalo  gas  field  of  the  Claysville  quadrangle  and  considerable 
areas  in  the  Amity  and  Carnegie  quadrangles.  Almost  all  the  gas 
.sands  from  the  Sail  sand  to  Ihe  Fifth  are  found  to  be  ]>roductive 
in  one  or  more  places  on  this  dome.  It  has  been  one  of  the  great 
gas  fields  from  which  Pittslmrg  has  drawn  so  liberally  in  the  last 
twenty  years.  No  data  is  at  hand  regarding  closed  jme.ssures  in  the 
different  producing  sands. 

Eldersville  Gas  Pool  (39).  This  ]«ool  is  situated  on  the  southern 
nose  of  an  anticline  in  Jeffer.son  township  .southeast  of  Eldersville. 
It  has  produced  a large  quantity  of  gas  from  the  Hundred-foot  sand. 
Some  development  was  going  on  in  this  field  in  1904,  and  the  field, 
as  a A^•hole,  is  comparatively  young. 

Candor  Gas  Pool  (37).  This  ]»ool  covers  several  square  miles  on 
the  crest  and  eastern  .and  southern  flanks  of  the  Candor  dome,  Avhich 
is  situated  about  three  miles  northwest  of  Midway.  Mo.st  of  the 
gas  is  found  in  the  Hundred-foot  sand,  at  approximately  the  same 
level  as  that  of  Ihe  (Murdocksville  oil  pool  further  to  the  northwest. 
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CLATSVILLE  QUADRANGLE. 

The  Claysville  quadrangle  lies  south  of  the  Burgettstown,  west 
of  the  Amity,  and  north  of  the  Rogersville  quadrangles.  Data  for 
an  oil  and  gas  bulletin  of  this  quadrangle  was  collected  by  the 
writer  in  1905,  at  which  time  he  was  also  engaged  in  making  a 
topographic  map  of  the  area.  The  bulletin  was  combined  with  simi- 
lar ones  of  the  Burgettstown  and  Steubenville  quadrangles,  pre- 
viously described,  and  published  by  the  U.  S.  Geological  Survey  in 
1907  as  Bulletin  No.  318. 

The  field  work  for  this  bulletin  was  conducted  similarly  to  that 
described  for  the  Burgettstown  quadrangle,  and  resulted  in  the  col- 
lection of  a mass  of  reliable  data,  from  which  it  is  believed  much 
better  results  were  obtained  than  could  have  been  possible  by  the 
use  of  the  aneroid  barometer  and  hand  level  in  securing  vertical 
control.  This  data  justified  the  use  of  10-foot  contours  in  depict- 
ing the  structure  of  both  the  Upper  Washington  limestone,  which 
outcrops  on  this  area,  and  the  Gordon  sand,  which  lies  from  1,050 
to  1,850  feet  below  sea  level. 

Structure.  The  structure  of  the  rocks  as  revealed  by  these  con- 
tours has  somewhat  the  appearance  of  that  described  for  the  Bur- 
gettstown, though  the  northeast-southwest  trend  of  the  folds  is  more 
distinct. 

Washingion-Taylor stolen  Oil  Fields  (26).  This  is  the  one  great 
oil-producing  area  in  the  Claysville  quadrangle.  As  previously  noted 
in  describing  the  Amity  (juadrangle,  this  great  oil  belt  extends  from 
about  six  miles  northeast  of  Washington  unbroken  to  within  half 
a mile  of  the  town  of  Claysville,  a distance  of  about  fifteen  miles. 
This  field  is  made  up  of  several  overlapping  pools  in  different  sands. 
On  the  Amity  quadrangle  the  production  comes  principally  from 
the  Gantz  and  Fifty-foot  sands.  At  Washington,  on  the  eastern 
border  of  the  Claysville  quadrangle,  oil  in  the  Gordon  sand  overlaps 
that  in  the  Gantz.  Westward  to  Claysville  the  Gordon  is  productive 
in  a broad  belt  encircling  the  northern  side  of  the  Finney  syncline. 
A short  distance  west  of  Washington,  both  the  Fourth  and  Fifth 
sands  become  oil-bearing,  which  extends  to  the  vicinity  of  Taylors- 
town,  and  southward  along  the  bottom  and  eastern  side  of  the  Fin- 
ney syncline  to  the  southern  limits  of  the  field.  Along  this  southern 
extension  the  Gordon  Stray  is  also  oil-bearing  in  a number  of  places. 

In  this  field  all  the  producing  sands  carry  more  or  less  salt  water, 
with  the  exception  of  the  Gordon  Stray  and  Thirty-foot  sands. 
This  water  had  apparently  reached  a state  of  equlibrium  in  the 
Gordon,  Fourth  and  Fifth  sands.  In  the  Gordon  sand  the  water 
line  lies  well  up  the  side  of  the  Finney  syncline  and  at  a very  definite 
level.  The  oil  pool  lies  directly  above  and  in  contact  with  the  water, 
19 
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The  water  in  the  Fourth  is  much  less  than  that  in  the  Gordon  and 
Fifth.  It  is  found  only  in  shallow  basins  along  the  trough  of  the 
Finney  syneliue,  and  where  found,  Ihe  oil  is  situated  similar  to  that 
of  the  Gordon.  The  Fifth  sand  carries  more  water  than  the  Fourth 
and  less  than  the  Gordon,  but  tlie  oil  bears  the  same  relationship  to 
it  as  described  for  the  others. 

We  have  here  three  examples  in  ihe  same  field  of  the  evident 
close  relationship  of  accumulations  of  oil  to  salt  water.  Examining 
ihe  phenomenon  fuither,  we  find  that  the  Gordon  Stray  and  tlie 
Thirty-foot  sand.s,  which  overlie  the  Gordon,  carry  little  or  no  water, 
and  still  higher,  the  Gantz  and  Fifty-foot  sands  produce  both  oil 
and  water,  iu  Avhich  the  i-elationship  of  oil  to  water  does  not  appear 
to  conform  to  any  marked  extent  to  the  structure.  Strange  to  say, 
the  amount  of  water  in  the  Gantz  and  Fifty-foot  is  less  than  in  the 
Gordon,  and  is  very  irregularly  distributed  throughout  the  beds. 

The  real  problem  iu  this  field  is  to  account  for  this  peculiar 
distribution  of  salt  water  in  the  oil  sands,  and  to  explain  its  source. 

In  April,  1885,  tlu*  original  Gordon  well  was  drilled  in  West 
Washington,  in  which  the  oil-bearing  bed  which  is  equivalent  to 
the  Third  sand  of  Butler  and  .Armstrong  counties,  was  called  the 
Gordon  sand.  From  this  time  the  development  of  the  different  pools 
iu  this  pool  was  rapid,  statements  in  regard  to  which  have  pre- 
viously been  made  in  this  paper,  (p.  279),  the  latest  extension  is 
that  in  the  Gordon  Stray  and  Fifth  sands  at  the  extreme  southern 
edge  of  the  field,  where  some  drilling  Avas  going  on  at  the  time 
the  field  work  for  this  paper  was  done  in  1905.  There  is  a possibility 
lhat  this  field  Avill  be  further  extended  to  the  southwest  and  make 
a more  or  less  complete  connection  with  the  Dague  pool,  on  the 
eastern  flank  of  the  Finney  syncline  in  the  south  central  portion 
of  the  quadrangle. 

The  Dagiie  Fool  (24).  This  pool  is  located  in  East  Finley  tOAvn- 
shi]),  IVashington  county,  six  miles  south  of  Claysville.  The  first 
Avell  iu  this  i)Ool  came  in  on  the  Dague  farm  in  1906.  It  lloAved 
400  barrels  per  day  from  the  Fourth  sand.  At  the  time  of  the 
Avriter’s  visit  in  September,  1907,  there  Avere  two  producing  Avells 
in  this  sand,  and  several  others  were  stopped  for  gas  iu  the  Big 
Injun.  The  Dague  well  was  still  flowing  freely,  but  its  capacity 
was  not  determined.  From  the  structural  location  of  this  pool 
and  the  staying  qualities  of  the  Dague  well,  this  pool  offers  good 
inducements  for  future  prospecting 

Point  Lookout  Fool  (25).  This  is  a small  pool  of  three  AAmlls  in 
the  Fifth  sand,  situated  about  five  miles  south  of  Washington. 
It  has  been  pretty  well  encircled  with  dry  holes,  so  that  the  chance 
of  an  extension  to  it  is  small.  The  b(*st  point  for  a test  in  this 
locality  is  one-half  mile  southeast  of  Point  Lookout. 
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Buffalo  Gas  Field  (29).  Within  this  held  is  iiicliuled  all  the  gas 
territory  on  the  Westland  dome  north  of  the  Washington-Taylors- 
ville  oil  field. 

This  dome  is  the  same  structural  feature  that  has  produced  so 
much  gas  in  the  southeastern  portion  of  the  Bnrgettstown,  the 
southwestern  corner  of  the  Carnegie,  and  the  northwestern  part  of 
the  Amity  quadrangles.  Within  the  Claysville  quadrangle  it  has 
furnished  gas  in  immense  quantities  from  the  Big  Injun,  Salt,  Gantz, 
Fifty-foot,  Gordon,  Fourth  and  Fifth  sands.  The  Gordon  sand 
probably  leads  in  the  amount  produced. 

Lagonda  Gas  Field  (27).  This  field  lies  to  the  southwest  of  Wash- 
ington on  the  'Washington  anticline.  This  field  has  produced  a 
large  quantity  of  gas  from  the  Salt,  Gantz,  Fifty-foot,  Gordon  and 
Fifth.  A great  many  of  the  wells  are  still  connected  to  the  pipe 
line. 

In  East  and  West  Finley  townships,  in  the  southwest  (piarter  of 
the  quadrangle,  a number  of  scattered  wells  produce  gas  from  the 
Big  Injun  and  Salt  sands.  Among  these  are  the  wells  mentioned 
above  in  the  Dague  pool. 

Mehaffeij  Gas  Fool  (2S).  This  j)ool  is  situated  about  three  miles 
northwest  of  Claysville  on  an  anticlinal  nose  which  juts  out  to 
the  west  from  the  Claysville  anticline.  Ko  wells  had  been  drilled 
in  this  pool  at  the  time  the  structure  was  mapped  in  1905,  the 
first  well  being  j)ut  down  on  the  Mehaffey  farm  in  lOOO,  getting 
a large  flow  of  gas  in  the  Gordon  sand.  At  the  time  of  the  writer’s 
visit  to  this  field  in  September,  1907,  there  were  fifteen  or  more 
wells,  all  of  which  got  their  gas  in  this  sand.  This  pool  is  situated 
close  to  the  northwest  limit  of  the  Gordon  sand,  which  at  this 
point  is  from  7 to  10  feet  thick. 

These  wells  show  a closed  pressure  of  about  900  jmuiids,  which 
is  probably  about  the  maximum  pressure  for  the  Gordon  sand  in 
W^'ashington  county.  The  gas  wells  along  the  crest  of  the  Clays- 
ville anticline,  a mile  and  a half  to  the  east  of  the  5Ielialf(*y  pool 
originally  produced  in  this  sand  at  a clos(*d  pressure*  of  about  900 
pounds,  but  are  now  so  nearly  (‘xhausted  that  the  closed  pressure 
is  not  more  than  1.50  pounds.  A well  on  the  Liggett  farm  drilled 
several  years  ago  about  half  way  between  these  two  areas,  is  said 
to  have  had  a fair  Gordon  sand,  but  little  or  no  gas.  From  these 
facts,  it  seems  quite  probable  that  the  Gordon  pay  is  a lentil  that 
does  not  connect  these  two  pools,  and  that  a barren  streak  lies 
between  them.  For  this  reason  it  looks  as  if  this  pool  does  not 
extend  east  of  Buck  run,  unless  it  crosses  north  of  the  Chapman 
dry  hole  near  Donley. 

If  the  Gordon  carries  salt  water  in  the  syncline  north  of  the 
Mehaffey  pool  at  the  mouth  of  Buck  run,  and  the  sand  is  good. 
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indications  point  toward  the  discovery  of  oil  in  this  sand  to  the 
north  and  northeast  of  the  present  developments.  If  oil  is  found 
here  it  will  be  found  to  lie  in  an  east  and  west  direction,  and  de- 
velopments should  not  venture  further  northward  after  salt  watei' 
is  encountered. 


CLARION  QUADRANGLE. 

The  Clarion  quadrangle  lies  north  of  the  Kural  Valley. 

Field  work  for  an  oil  and  gas  bulletin  of  this  quadrangle  was 
commenced  in  1!)05  by  Mr.  W.  T.  Griswold,  in  connection  with  the 
making  of  a topographic  map  of  the  quadrangle.  Circumstances 
prevented  the  completion  of  this  work  in  1905.  In  1900,  Mr.  E. 
F.  Lines  secured  additional  data  in  connection  with  geologic  work 
for  a folio,  and  special  papers  on  the  coals  and  clays.  In  July,  1907, 
the  writer  spent  three  weeks  in  a hurried  examination  of  the  prin- 
cipal oil  and  gas  pools  of  the  quadrangle.  The  oil  and  gas  bulletin 
of  the  (piadrangle  is  now  being  prepared- 

Structure.  The  structure  of  the  rocks  on  this  quadrangle  is 
shown  by  25-foot  contour  lines  drawn  on  the  Lower  Kittanning 
coal,  it  being  found  that  not  enough  data  is  available  to  justify  the 
attempt  to  depict  the  structure  in  detail  on  one  of  the  producing 
sands. 

In  the  eastern  part  of  the  quadrangle  the  anticlines  and  syn 
(dines  are  clearly  defined,  but  in  the  western  iiortion  the  rocks  are 
less  disturbed,  the  structural  features  having  no  general  trend, 

The  first  producing  oil  wells  within  this  area  date  back  to  the 
time  of  the  Oil  City  excitement  in  the  CD’s.  At  that  time  some 
venturesome  oil  men  from  Venango  county  drilled  a well  on  the 
north  bank  of  Clarion  river,  about  a mile  west  of  I’iney,  Beaver 
township.  Some  oil  was  found  in  this  well  which  led  to  the  drilling 
of  several  others  in  the  same  vicinity,  all  of  which  gave  a total 
ju'oduction  of  several  hundred  barrels.  This  was  shipped  down 
the  riv(“r  on  barges  to  Pittsburg.  The  venture  does  not  appear 
to  have  turned  out  profitably,  however,  as  the  wells  soon  tilled 
with  salt  water  and  were  abandoned.  Other  wells  were  drilled  at 
various  places  in  the  county  between  1801  and  1870. 

Ell<  Citi/  Oil  Pool  (105).  A ])ortion  of  this  pool  is  included  within 
(he  northwest  corner  of  the  quadrangle.  This  pool  was  developed 
in  1875-76,  at  wdiich  time  hundreds  of  wmTs  were  drilled  in  it.  The 
(rest  wells  ranged  from  100  to  300  barrels  from  the  Third  and 
Fourth  sands.  These  sands  run  together  in  this  field  and  are  prob- 
ably eipiivaleut  to  the  Venango  Third  sand.  Many  of  these  wells 
are  still  pumping,  the  average  production  being  less  than  a barrel 
per  day. 
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Suine  salt  water  is  found  in  the  lower  portion  of  the  sand  in 
this  pool,  and  those  wells  holding  up  host  in  oil  are  also,  as  a ruh\ 
the  OIK'S  that  pump  the  most  water.  Usually  the  pi'oduction  of 
oil  ceases  in  a well  when  the  water  is  exhausted. 

Clarion  Oil  Pool  (lOG).  This  pool  is  located  in  and  to  the  south 
of  the  town  of  Clarion.  The  first  well  was  hrought  in  on  the 
Normal  School  property  in  January,  1888.  This  well  started  at 
20  barrels  per  hoar,  but  soon  decliiu'd  to  30  barrels  per  day.  The 
pool  was  rapidly  developed  from  that  date.  On  October  24,  1888, 
about  thirty  wells  were  in,  with  a maximum  daily  production  of 
2,800  barrels.  The  wells  in  this  field  were  very  eratic,  and,  as 
a rule,  short-lived,  though  a number  of  the  first  wells  drilled  are 
still  producing.  The  pool  has  been  gradually  developed  southward, 
and  at  present  new  wells  are  being  brought  in  on  this  extension. 
The  oil  comes  from  the  Third  and  Fourth  sands,  which  carries  souk' 
salt  water. 

Miola  Oil  and  Gas  Pool  (llTi.  This  pool  extends  from  the  river 
north  of  Clarion  to  the  northern  border  of  the  quadrangle  at 
Miola.  This  field  was  ])artly  developed  as  a gas  pool  producing 
from  the  Third  sand,  which  is  here  separated  from  the  Fourth  sand 
by  from  2 to  20  feet  of  shale.  In  December,  1906,  a well  on  the 
Isaac  Imhoff  farm,  which  had  been  producing  gas  for  eight  years, 
was  drilled  20  feet  deeper,  through  two  feet  of  shale  into  the  Fourth 
sand.  It  began  flowing  oil  at  the  rate  of  80  barrels  per  day.  The 
whole  field  was  quickly  converted  into  an  oil  pool  by  deepening 
the  wells.  At  the  time  of  the  writer’s  visit  in  July,  1907,  there 
were  over  fifty  oil  wells  in  the  field  and  several  drilling.  The 
present  production  is  not  known. 

Manor  Oil  Pools  (108).  This  pool  is  located  in  the  southwestern 
part  of  Paint  township,  on  the  Kizer,  Hepinger  and  Grace  farms. 
It  was  opend  up  about  1893-91,  with  11  producing  wells  in  the 
Third  and  Fourth  sands.  The  best  well  in  the  pool  was  the  S.  E. 
Kizer  No.  2,  which  produced  about  GO  barrels  per  day  for  the  first 
year.  The  pool  covered  almut  100  acres,  but  is  now  i>roducing 
only  a few  barrels  a day  from  three  or  four  wells.  This  pool  has 
been  thoroughly  tested,  and  there  is  little  chance  of  finding  ex- 
tensions to  it. 

Oil  in  small  (piantitic's  has  been  found  at'  several  other  i)oiuts 
within  the  quadrangle,  but  no  j)Ools  worth  noting  have  yet  been 
discovered. 

The  Elk  City  pool  lies  on  the  west  side  and  at  the  head  of  a 
shallow,  canoe-shaped  synclinal  trough,  which  deepens  along  its 
axis  to  the  southeast  to  where  it  is  lost  in  the  greater  depression 
of  the  Reidsburg  syncline  in  the  vicinity  of  that  village. 
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The  Clarion  and  Miola  pools  lie  along  the  crest  of  a secondary 
arch,  betAveen  the  above-mentioned  synclinal  trough  and  the  Reids- 
burg  syncline,  north  of  the  junction  of  these  syuclines. 

The  Clarion  and  Elk  City  pools  lie  at  about  the  same  level  in 
■the  Third  and  Fourth  sands.  Structurally,  the  Miola  pool  is  about 
100  feet  higher. 

Gas  Fields.  No  very  large  pools  of  gas  have  yet  been  developed 
on  the  Clarion  quadrangle.  The  whole  area  is  dotted,  however, 
with  small  fields  of  from  one  or  two  to  thirty  wells  each. 

The  majority  of  the  wells  appear  to  be  good  average  producers, 
with  here  and  there  one  that  makes  several  million  cubic  feet  per 
day. 

The  gas-bearing  sands  named  according  to  the  amount  of  pro- 
duction in  descending  order  are,  Murrysville,  Speechley,  Fourth, 
Bradford,  Hundred-foot,  Third,  Thirty-foot,  Fifth,  First,  Second  and 
Tiona. 

No  attempt  will  be  made  in  this  paper  to  describe  these  pools  in 
detail.  The  principal  producing  areas  lie  along  the  crest  or  flanks 
of  the  Kellersburg  anticline  and  the  lower  anticline  lying  west  of 
the  Brady’s  Bend  syncline.  Some  good  ivells  hav'e  been  found  in 
the  Murrysville  and  Speechley  sands  Avell  doAvn  on  the  flanks  in 
this  syncline,  and  some  gas  in  the  Thirty-foot  sand  in  the  bottom 
of  this  trough.  The  field  in  and  to  the  northeast  of  Sligo  also  lies 
AA'ell  doAvn  in  a shalloAV  syncline,  Avhich  pitches  rapidly  to  the  west. 

Pressure  in  Gas  Wells.  But  few  detailed  records  of  the  produc- 
tion of  gas  wells  within  the  Clarion  quadrangle  have  been  kept  by 
the  producers,  and  in  a number  of  these  that  the  writer  has  ex- 
amined the  gas  comes  from  more  than  one  sand,  so  that  the  pres- 
sure and  amount  of  production  from  each  sand  could  not  be  deter- 
mined. Enough  data  was  collected,  liowever,  to  admit  of  a general 
statement  regarding  the  closed  pressure  of  gas  in  the  different  sands. 

Beginning  at  the  top  of  the  geologic  column,  the  First  and  Second 
sands  liaA’e  a closed  j)ressure  from  less  than  100  to  about  300  pounds, 
the  average  being  betAveen  150  nnd  200.  The  Murrysville  sand 
usually  has  a closed  pressure  of  from  150  to  190  pounds.  In  one 
Avell  it  is  recorded  as  250  pounds.  No  initial  closed  pressures  of 
gas  in  the  Hundred-foot  are  at  hand,  but  it  is  thought -not  to  exceed 
400  pounds.  The  initial  pressure  in  the  Third  sand  ranges  from  180 
to  275  pounds,  most  of  those  recorded  being  near  180  pounds.  The 
maximum  pressure  recorded  for  the  Fourth  sand  is  500  pounds.  The 
Speechley  sand  generally  carries  the  highest  closed  pressure,  which 
ranges  from  GOO  to  900  pounds.  One  record  shoAvs  a closed  pressure 
in  tliis  sand  of  only  150  pounds,  but  this  may  be  a mistake,  or  it 
may  come  from  an  exhausted  area.  The  recorded  pressures  in  the 
Bradford  sand  range  from  330  to  425  pounds,  though  it  is  reported 
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that  in  this  sand  a pressure  of  1,500  pounds  Avas  registered  in  one 
Avell,  but  tins  report  could  not  be  verified.  Xo  closed  pressures  are 
at  hand  for  the  Thirty-foot,  Fifth  and  Tiona  sands-,  though  in  the 
latter  it  is  reported  to  be  very  great. 

On  the  Avhole,  this  question  of  pressure  and  capacity  of  gas  wells 
offers  a very  attractive  field  tor  investigations,  and  from  the  factors 
involved  it  seems  possible  that  detailed  studies  along  this  line  might 
give  results  of  very  great  value  to  the  producer. 

SEWICKLEY  QUADRANGLE. 

The  Sewickley  quadrangle  lies  east  of  the  Beaver,  northeast  of 
the  Burgettstown,  and  north  of  the  Carnegie  quadrangles. 

Field  Avork  was  done  by  the  writer  in  1900  for  a folio  and  an  oil 
and  gas  bulletin  of  this  quadrangle.  The  bulletin,  AAdiich  should 
haA'e  been  published  in  1907,  AAms  delayed  for  the  publication  of  the 
topographic  map  of  this  quadrangle,  Avhich  is  used  as  a base  for 
the  geologic  map.  In  1907  three  weeks  Avere  spent  in  the  quadrangle 
collecting  additional  data  for  both  publications.  The  manuscript 
for  the  oil  and  gas  bulletin  is  noAV  (June  10,  1908)  nearing  conijde- 
tion.  The  folio  will  not  be  ready  for  publication  this  year. 

Structure.  The  field  work  for  the  oil  and  gas  bulletin  was  con- 
ducted along  similar  lines  to  that  already  described  for  the  Clays- 
ville  and  BurgettstoAvn  quadrangles.  The  vertical  control  for  the 
structural  map  Avas  secured  by  spirit  leATl  lines  to  hundreds  of  wells, 
and  coal  and  limestone  outcrops. 

On  the  maps  AAdiich  will  accompany  this  bulletin  the  structure  of 
both  the  outcropi)ing  bed  and  the  oil  sand  will  be  represented  by 

10- foot  contours  on  the  Ames  limestone  and  Hundred- foot  sand, 
respectiATly.  These  contmrrs  sIioav  that  three  distinct  anticlines  and 
an  equal  number  of  synclines  cross  the  quadrangle  with  sinuous 
north-south  trends.  The  axes  of  all  these  folds  pitch  to  the  south, 
the  synclines  having  a tendency  to  flatten  out  going  northward. 

The  Sewickley  quadrangle  embraces  some  of  the  most  prolific 

011- bearing  territory  of  southwestern  Pennsyl Amnia.  This  ])roduction 
comes  chiefly  from  the  Hundred-foot,  Gordon,  Snee,  Boulder,  Fourth, 
Thirty-foot  and  Fifth  sands,  named  in  the  decreasing  order  of  pro- 
duction. There  are  at  least  sixty  distinct  oil  pools  on  this  quad- 
rangle, and  nearly  that  number  of  gas  pools.  OAving  to  their  number, 
these  pools  will  be  grouped  and  discussed  by  sands. 

Hundred-foot  Sand.  IMore  than  thirty  pools  of  oil  have  been  de- 
veloped in  the  Hundred-foot  sand  in  this  area.  The  most  important 
of  these  are,  the  Brush  Creek  (70),  CroAvs  Bun  (75),  Cookston  (I.*!), 
Legionville-Economy  (52),  Leetsdale  (51),  Perryville  (02),  Ramsey  (84), 
Ingomar  (68),  Wexford  (69),  Mars  (79),  Crider  (70),  Garvin  (82),  Gallery 
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and  Evans  Cit}"  (80j  pouls.  Nine-tenths  of  the  productive  terri- 
tory in  this  sand  lies  along  or  near  the  axis  of  the  anticlines. 

The  oil  is  everywhere  accompanied  by  more  or  less  salt  water. 
From  this  fact,  however,  it  should  not  he  inferred  that  the  whole  bed 
is  saturated.  On  the  contrai-y,  this  is  found  to  not  be  true.  Tliere 
are  several  considerable  areas  within  the  quadrangle  in  which  the 
sand  appears  to  be  of  inferior  quality  as  regards  porosity,  and  in 
which  neither  oil,  gas  nor  water  have  been  found.*  Data  on  this 
point  is  difficult  to  obtain.  The  wildcat  wells  that  tested  a large 
part  of  the  unproductive  portion  have  been  drilled  for  several  years, 
and  their  owners  did  not,  as  a rule,  consider  the.  records  of  such 
holes  worth  preserving.  Most  of  the  data  has  been  secured  by  per- 
sonal interviews  with  the  drillers  and  contractors  who  drilled  the 
wells.  This  is  a slow  and  expensive  way  to  get  facts,  and  since  much 
of  it  is  given  from  memory  it  is  not  always  reliable.  However,  it 
is  believed  that  enough  has  been  learned  to  justify  the  statement 
that  over  the  greater  part  of  llie  quadrangle  the  Hundred-foot  sand 
carries  a perceptible  amount  of  salt  water.  The  areas  in  which  no 
salt  water  is  found  in  the  Hundred-foot  are  no  more  numerous  on 
the  anticlines  than  in  the  synclines,  but  apparently  are  irregular 
shaped  patches  which  may  occur  at  any  structural  point. 

The  relationship  of  oil  and  water  in  this  sand  is  here  quite  dif- 
ferent from  that  of  the  Gordon,  Fourth  and  Fifth  sands  in  the  Clays 
ville  quadrangle  (p.  283).  Here  the  oil  and  water  evidently  come 
out  of  the  sand  together.  This  proportion  of  oil  to  water  does  not 
seem  to  be  affected  either  by  the  porosity  of  the  pay  sand  or  by  the 
structural  location.  A pool  located  200  feet  higher  structurally  than 
another  in  the  same  sand  having  apparently  the  same  porosity,  and 
located  on  the  same  anticline,  may  pump  more  water  per  barrel  of 
oil  than  the  lower  pool.  Htrange  to  say,  in  some  cases  the  loAver 
pool  becomes  exhausted  of  both  oil  and  water  before  the  higher  one. 
In  all  cases,  the  initial  production  of  oil  and  Avater  in  a well  is  the 
maximum  production  of  both.  At  first  the  decrease  of  oil  in  a Avell 
is  usually  more  rapid  than  that  of  the  v/ater.  After  a certain  stage 
is  reached  tlie  ratio  of  oil  to  Avater  apparently  remains  constant. 
The  Avells  usually  make  from  one-half  to  tAventy  times  as  much  water 
as  oil.  With  a giATn  production  of  oil  the  well  making  the  most 
water  is  the  better  Avell,  and  will  have  a longer  life,  for  when  the 
Avater  is  exhausted  no  more  oil  is  produced.  Many  aatIIs  in  a ])Ool 
continue  to  pump  Avaier  and  oil  for  years  after  adjoining  Avells  of 
equal  initial  capacity  and  elevation  ha\^e  been  exhausted.  The  first 
AA'ells  in  a ])Ool  frequently  How  Aviih  the  escape  of  considerable  gas. 
As  development  proceeds  less  and  less  gas  is  encountered,  until  many 

♦There  may  not  be  universal  agreement  with  Mr.  Munn’s  implied  definition  of  non-saturation 
G.  H.  A. 
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wells  which  All  up  from  50h  to  1,500  feet  with  oil  and  water  show 
hut  little  gas.  When  these  wells  are  pumped  for  six  months  or  a 
year  and  then  left  to  stand,  they  never  till  up  to  the  initial  level. 
Frequently  at  the  end  of  a month  a well  will  show  when  pumped 
off  only  four  or  five  times  its  regular  daily  capacity.  The  amount 
of  head  which  a well  will  thus  accumulate  a])parently  bears  no 
structural  relation  to  similar  heads  in  other  wells  in  the  same  pool. 
These  facts  are  difficult  to  explain,  but  most  of  the  evidence  seems  to 
point  toward  the  conclusion  that  this  water  comes  from  the  Butler 
gas  or  Thirty-foot  sand,  which  overlies  the  Hundred-foot  from  thirty 
to  eighty  feet.  This  sand  carries  salt  water  under  a considerable 
head  throughout  the  quadrangle,  and  the  saturated  areas  in  the 
Hundred-foot  may  be  situated  at  points  where  this  water  has  pene- 
trated the  shales  in  sufficient  quantities  to  establish  pools  having 
varying  hydraulic*  (not  hydrostatic)  pressures. 

Many  of  the  wells  in  the  Hundred-foot  sand  pools  come  in  at  sev- 
eral hundred  barrels  per  day.  The  wells,  as  a rule,  ai’e  good  stayers 
and  have  proven  very  profitable. 

Gas  Pools  in  the  Hundred-foot  8and.  This  sand  has  not  been 
as  prolific  in  the  production  of  gas  as  of  oil.  No  large  pools  have 
been  found  in  the  quadrangle.  Every  oil  pool,  however,  has  a lai’ger 
or  smaller  gas  pools  associated  with  it.  The  larger  of  these  pools  lie 
at  the  north  ends  of  the  Economy  and  the  Crows  Kun  oil  pools,  and 
another  is  situated  a mile  north  of  Lovi  (70).  No  salt  water  was 
found  with  the  gas  when  the  wells  were  fresh,  but  in  some  of  the 
wells  small  quantities  of  water  have  since  appeared. 

Gordon,  or  Third  8and.  This  sand  has  been  the  principal  producer 
in  the  Moon  (49),  Coraopolis  (50),  Mt.  Nebo  (GO),  Sandle  (G.3),  and 
Wildwood  pools  (G5),  and  has  also  furnished  a considerable  portion 
of  that  from  the  Glenfield  (61),  and  Neville  Island  pools  (4S).  All 
these  pools  are  situated  southeast  of  a line  drawn  from  the  .south- 
west corner  of  the  quadrangle  to  a point  midway  along  its  eastern 
border.  Northwestward  from  this  line  the  Gordon  as  recognizable 
horizon  disappears.  In  the  IMoon  and  Coraopolis  pools  this  sand 
carries  salt  water  along  the  southern  margin ; in  the  other  pools 
it  shows  no  water.  Ii^nlike  the  Gordon  pools  on  the  Claysville  quad- 
rangle, the  ones  that  carry  water  here  do  not  lie  at  a certain  level 
along  the  sides  of  the  anticline.  The  tendency  of  the  water  to  in- 
vade and  drown  out  partially  exhau.sted  wells  along  its  margin  is, 
however,  similar  in  both  pools.  The  action  of  salt  water  in  this  sand 
is  directly  opposite  to  that  of  water  in  the  Hundred-foot  sand.  In 
the  Gordon  a well  that  once  begins  pumping  salt  water  is  doomed 
to  sooner  or  later  pump  water  exclusively.  Tlie  lomg  \st-lived  Avells 


‘The  senior  author  questions  the  use  of  "hydraulic.” 


292 


TOPOGRAPHIC  AND  GEOLOGIC  SURVEY. 


in  tlie  riordon  are  those  that  produce  no  water.  As  a rule,  wells  in 
the  Gordon  sand  on  this  (piadrangle  have  l)een  good  producers.  The 
better  ones  had  initial  ca]>acities  of  from  one  to  live  hundred  barrels 
per  day. 

(kt8  Pools  in  the  Gordon  iSand.  No  large  gas  ^lools  occur  in  this 
sand  within  the  quadrangle.  The  largest  pool  known  occupies  the 
eastern  tiank  of  a small  dome  near  the  southwest  corner  of  the 
quadrangle  and  up  the  slope  from  the  Coraopolis  oil  pool.  Another 
pool  is  situated  on  the  top  of  the  anticlinal  nose  south  of  the  Mt. 
Nebo  oil  pool.  A number  of  wells  in  the  Tngomar  oil  pool  make  gas 
from  the  Gordon  sand,  the  northwest  margin  of  which  lies  a short 
distance  further  north. 

Pnec,  or  Bine  Mondatj,  Band.  This  sand  is  the  topmost  member  of 
the  three  sands  making  up  the  Gordon  group  in  this  region.  The 
second  sand  of  this  group  is  the  Tloulder,  or  Gordon  Stray,  and  the 
lowest  is  the  Gordon,  or  Third  sand,  described  above. 

The  Snee  sand  was  first  discovered  to  be  a i>roducer  in  this  quad- 
rangle in  a well  at  Duff  (hty  (72),  near  the  center  of  the  quadrangle. 
Subsequently,  a very  productive  pool  of  small  size  was  opened  up 
here.  Later,  a larger  pool  was  opened  up  in  this  sand  at  Criders 
Corners  (7G),  live  miles  west  of  Mars.  Several  Avells  in  this  pool 
produced  more  than  100  barrels  per  day.  An  extension  of  this  pool 
to  the  northeast  was  found  in  the  Peters  pool  (78).  Several  wells 
along  the  eastern  edge  of  the  Brush  Creek  pool  (71),  which  is  in  the 
ITundred-foot  sand,  also  get  oil  in  the  Snee  sand.  No  gas  pools  of 
consequence  have  been  found  in  this  sand,  though  the  oil  is  usually 
accompanied  by  more  or  less  gas,  and  a few  scattered  wells  pimduce 
gas  entirely.  The  Snee  sand  carries  little,  if  any,  salt  water,  not- 
withstanding the  fact  that  all  its  oil  pools  are  at  or  near  the  crest 
of  the  Brush  creek  anticline. 

Boulder,  or  Gordon  Btraji,  Band.  This  sand  produces  oil  from  a 
number  of  wells  in  the  Petei'S  (78),  and  Grubbs  (58)  pools,  some  of 
the  wells  in  the  latter  being  of  over  100  barrels  capacity.  The  sand 
also  fuimishes  two  small  p.ools  of  floAving  wells  on  Big  Sewickley 
creek  four  miles  north  of  Leetsdale,  known  as  the  Davis  (57),  and  the 
Craig  pools  (72),  the  total  production  of  which  is  small. 

The  only  gas  pool  of  any  consequence  found  in  this  sand  occupies 
the  crest  of  the  Wildwood  anticline,  north  of  Dixmont  (62).  This 
pool  contains  twenty  or  moi’c  good  wells.  No  salt  Avater  is  reported 
in  this  sand.  The  Peters  and  Grubbs  oil  pools  are  located  squarely 
on  the  crest  of  the  Brush  creek  anticline.  The  Davis  and  Craig 
pools,  which  cai'iw  sufficient  gas  to  flow  the  Avells,  are  located  well 
down  on  the  eastern  slope  of  the  CroAv’s  run  anticline,  the  Craig 
pool  being  near  the  trough  of  the  SeAvickley  syncline.  This  arrange- 
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ment  is  just  the  reverse  from  that  which  we  would  expect  from  Uie 
anticlinal  theory. 

Fourth  Sand.  The  Fourth  sand  is  present  under  the  southern  and 
eastern  third  of  the  quadrangle.  Within  this  area  it  has  furnished 
a large  number  of  widely  scattered  gas  wells  of  more  than  ordinary 
capacity,  and  much  of  the  oil  which  has  come  from  the  Glenfield  (GO), 
Neville  Island  (47),  and  Bellevue  (Gl),  oil  pools.  The  largest  accumu- 
lations of  gas  in  this  sand  are  the  Carnot-Leetsdale  (G7),  and  the 
Keown  (GG)  pools.  These  gas  pools  are  the  largest  on  the  quadrangle. 
The  Fourth  sand  probably  furnishes  more  gas  than  all  the  other 
sands  combined.  The  wells,  though  not  phenomenal  in  capacity, 
hold  up  well.  The  closed  pi’essure  varies  from  less  than  300  to  about 
GOO  pounds,  the  maximum  minute  pressure  being  above  200  pounds. 
Little  or  no  water  occurs  in  this  sand. 

Thirty-foot  Sand.  This  is  the  first  producing  sand  below  the  Hun- 
dred foot.  In  this  quadrangle  oil  is  found  in  it  in  a number  of  wells 
in  the  Duff  City  field  (72),  in  two  wells  west  of  Wexford,  and  four 
or  five  wells  in  the  western  end  of  the  Sandle  field  (G4).  No  water 
is  mentioned  in  any  of  these  wells.  The  Duff  City  pool  is  on  rhe 
crest  of  an  anticline;  the  others  are  on  the  slopes  of  anticlines.  The 
total  production  from  this  sand  has  not  been  great,  though  some  of 
the  wells  were  of  considerable  size. 

Fifth  Sand.  The  Fifth  sand  underlies  only  the  southeast  quarter 
of  this  quadrangle.  It  produces  some  oil  on  Neville  Island  and  in 
the  vicinity  of  Avalon  and  Bellevue.  Gas  iu  this  .sand  is  confined 
to  scattered  wells  in  the  vicinity  of  Mt.  Nebo  and  Perryville.  The 
total  production  of  both  oil  and  gas  from  this  sand  has  been  small. 

CARNEGIE  QUADRANGLE. 

The  Carnegie  quadrangle  is  north  of  the  Amity  and  east  of  the 
Burgettstown  quadrangles.  In  1907  field  work  for  a folio  was  done 
by  G.  C.  Martin  and  F.  B.  Peck,  and  that  for  an  oil  and  gas  bulletin, 
by  the  writer.  Both  of  these  papers  are  now  in  course  of  preparation. 

The  field  Avork  for  the  bulletin  tvas  carried  on  after  the  plan  already 
described  for  the  Setvickley  and  Burgettstown  (pmdraugles.  At  the 
time  this  work  tvas  done  it  was  thought  that  this  area  offered  the 
opi)ortunity  for  the  making  of  a very  detailed  map  of  the  oil  sands, 
and  for  this  reason  spirit-leiel  lines  were  run  to  a large  per  cent, 
of  the  wells.  Later,  it  was  found  that  the  records  of  most  of  these 
wells  were  not  pre.seiwed  so  as  to  be  available.  This  Avill  mateiaally 
affect  the  accuracy  of  the  maj).  This  data  is  not  at  present  in  shape 
for  more  than  a general  outline. 

McDonald  Oil  Field  (3G).  This  is  the  greatest  oil  field  in  soufh- 
Avestern  PennsylAania  and  one  of  the  largest  in  the  Appalachian  re- 
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gioii.  The  first  ivells  in  this  lieid  were  drilled  in  the  spring  of  1891.  In 
November  of  the  same  year  ilie  production  from  this  field  was  more 
than  7.5,0(10  barrels  p-er  day.  A single  well,  the  Mevey  gusher,  made 
about  100,000  barrels  iu  eleven  days.  The  best  run  from  a single 
well  in  24  hours  is  said  to  have  been  about  18,000  barrels.  Many  wells 
in  this  field  started  olf  at  more  than  100  barrels  per  hour,  aud  some 
of  these  are  still  juimpiug.  One  well  is  said  to  have  to  its  credit  a 
total  of  production  of  as  mucli  as  2,000,000  barrels. 

This  enormous  volume  of  oil  comes  principally  from  the  Fifth 
sand,  though  the  Gordon  also  is  a good  producer.  Some  smaller 
pools  in  the  McDonald  field  are  in  the  Fourth,  Gordon  Stray,  Thirty- 
foot,  Gantz  aud  Fifty-fool  sands,  but  this  field  will  go  down  in  history 
as  the  greatest  Fifth  sand  pool  ever  discovered. 

The  phenomenal  feature  of  this  great  field  is  the  thinness  of  the 
j>roducing  sands  in  comparison  to  the  amount  of  oil  produced.  In 
the  Mathews  well,  v.diich  was  one  of  the  very  large  wells,  the  Gordon 
sand  is  only  28  feet  thick.  That  of  the  Fifth  is  not  given  in  the 
record,  but  at  the  time  of  its  greatest  flow  the  hole  extended  only 
about  10  feet  into  this  sand,  .fudging  from  the  thickness  of  this 
sand  in  neai’by  wells,  it  is  pi'obably  not  over  .30  feet.  This  is  one 
of  the  wells  that  is  said  to  have  produced  more  than  2,000,000  barrels 
of  oil,  and  after  IG  years  it  is  still  making  about  fifteen  barrels  per 
day,  notwithstanding  the  fact  that  it  is  encircled  by  other  good 
wells,  some  of  which  are  not  over  400  feet  distance.  Both  the  Gordon 
and  Fifth  sands  shoiv  a little  Avater  in  places  throughout  the  field, 
but  the  percentage  of  ivells  pumping  some  ivater  is  small. 

The  structure  of  the  sand  in  this  pool  has  not  yet  been  worked 
out  in  detail,  but  that  for  the  Pittsburg  coal  sliou's  that  this  pool 
lies  oil  the  west  flank  of  the  Nineveh  syncline.  Its  northwest  boun- 
dary is  governed  by  the  limit  of  the  Fifth  sand  in  that  direction, 
which  disappears  entirely  within  a mile  of  the  producing  area.  The 
Fifth  sand  p>ool  in  the  McDonald  field  may,  therefore,  be  said  to  lie 
along  the  irregular  slope  of  an  anticline  at  the  upper  edge  of  the 
sand,  with  little  or  no  water  showing  iu  the  sand  below  the  oil. 
What  is  said  of  the  Fifth  is  also  true  of  all  the  other  producing 
sands,  except  that  they  are  not  limited  in  extent  toward  the  north- 
west. The  Ilundred-foot  is  the  only  oil-bearing  sand  of  this  field 
that  carries  much  salt  water.  In  it  the  oil  and  water  bear  the  same 
general  relation  to  each  other  that  were  mentioned  in  the  discussion 
of  this  sand  on  the  Claysville  and  Sewickley  quadrangles.  South- 
eastward from  the  McDonald  pool  the  number  of  wells  reporting- 
salt  water  in  this  sand  grows  less  and  less,  notwithstanding  the  fact 
that  the  general  di])  of  the  rocks  is  in  that  direction.  In  the  McMurry 
pool  (31),  in  the  southeast  (piartei-  of  the  quadrangle,  the  Fifty- 
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foot  saud,  which  is  the  lower  member  of  the  niiudred-foot,  furnishes 
most  of  the  oil  and  water. 

What  has  been  said  of  the  oil  sands  in  the  McDonald  lield  might 
be  repeated  for  the  chain  of  j)Ools  lying  to  the  noidheast  and  to  the 
south  of  it,  with  only  slight  variations  regarding  amouut  of  produc- 
tion, the  changes  in  producing  sands,  and  minor  differences  in 
structural  location  of  pools.  Geologically,  the  McDonald  held  might 
easily  include  all  of  these  more  or  less  distinct  pools.  A more  de- 
tailed discussion  of  these  pools  is  reserved  for  the  oil  and  gas  bulle- 
tins of  this  quadrangle. 

Producing  areas  less  closely  associated  with  the  McDonald  held 
are  the  Imperial  (43),  McCormick  (48),  and  Heidelburg  pools  (33), 
in  the  Thirty-foot  sand,  and  a small  extension  of  the  Moon  pool  in 
the  extreme  northwest  corner  of  the  quadrangle,  which  gets  its  oil 
in  the  Gordon  sand.  Of  these  pools,  the  hrst  two  are  located  higuer, 
structuralljq  than  the  McDonald  held,  and  the  third,  which  is  also 
in  the  Thirty-foot,  lies  almost  squarely  in  the  trough  of  the  Nineveh 
syncline.  No  water  is  reported  in  this  sand  in  any  of  these  pools. 
The  sand  in  the  Moon  pool  is  higher  structurally  than  it  is  in  The 
McDonald  pool,  but  it  produces  more  salt  water,  and  numerous  wells 
between  these  areas  report  little  or  no  water  in  this  sand.  Attention 
is  called  to  these  facts  to  show  that  the  enigmatic  processes  by  which 
these  pools  of  oil  have  been  accumulated  are  still  unexplained,  and 
that  the  anticlinal  theory  must  be  subjected  to  some  drastic  funda- 
mental revisions  before  it  can  be  made  to  satisfy  the  apparently  con- 
flicting data  brought  to  light  by  the  incessant  work  of  the  drill. 

The  principal  gas  pools  within  this  area  are  situated  in  the  four 
corners  of  the  quadrangle.  In  the  northeast  corner  considerable  gas 
has  been  found  in  Pittsburg  and  to  the  north  and  west  of  the  city. 
The  northwest  corner  furnishes  Pig  Injun,  Hundred-foot  and  Fourth 
sand  gas  to  the  north  of  Imperial.  The  Westland  dome,  which  juts 
over  into  the  southwest  corner  of  the  quadrangle,  has  furnished  an 
immense  amount  of  gas  from  several  of  the  sands.  In  the  southeast 
corner  the  Big  Injun,  Salt  sand,  Gantz,  Gordon  and  Fifth  have  all 
produced  considerable  quantities  of  gas.  In  addition,  the  Thirty- 
foot  and  Fifty-foot  sands  have  several  good  gas  wells  near  Sodom 
(33),  and  Bridgeville  (32),  and  throughout  the  McDonald  field  each 
of  the  oil  sands  have  furnished  larger  or  smaller  pools  of  gas.  The 
structural  position  of  these  pools,  while  in  the  main  occupying  the 
tops  of  domes  and  anticlines,  shows  many  small  local  deviations  from 
this  rule, 
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CONCLUSION. 


Ill  suiimung  up  it  becomes  evident  that,  uotwithstaiidiiig  the  fact 
that  a large  portion  of  the  producing  area  of  Pennsylvania  has  been 
covered  by  geologic  work,  it  must  be  admitted  that  but  little  progress 
has  been  made  in  solving  the  enigmatic  i»rol)lem  of  oil  and  gas  ac- 
cumulation. The  data  obtained  in  this  work  are  so  widely  scattered, 
and  so  general  and  fragmental  in  their  nature,  that  when  consid- 
ered separately  b}^  quadi-angles  their  coivect  interpretation  by  geolo- 
gists has  been  extremely  difficult.  Most  of  the  data  obtained  in 
these  superficial  examinations  of  oil  and  gas  tields  may  easily  be 
interpreted  to  favor  the  Anticlinal  Theory.  In  cases  where  facts 
have  aijpeared  to  be  at  variance  with  this  theory  they  have  been 
too  frequently  dismissed  as  unreliable,  or  else  accredited  to  that 
bugbear  of  the  oil  geologist,  inqierviousness  of  strata.  In  this  work 
no  geologist  has  had  an  op])ortunity  to  collect  and  arrange  suffi- 
cient facts  regarding  oil  and  gas  accumulation  to  enable  him  to  get 
a comprehensive  grasp  of  the  problem  as  a whole.  Such  a study 
would  recpiire  a detailed  examination  of  a large  number  of  oil  and 
gas  j)Ools  and  the  collection  of  a great  mass  of  data  relative  to  the 
geologic  conditions  that  have  l>een  found  in  them.  To  some  extent 
the  work  done  for  oil  and  gas  bulletins  is  intended  to  furnish  such 
material,  but  this  method  of  investigation  has  been  carried  over 
sucli  a small  jiortion  of  the  A])])alachian  fields  to  date  that  any  posi- 
live  conclusions  drawn  from  the  facts  in  hand  might  have  but  a 
local  a])])lication.  In  a feiv  instances  the  teachings  of  the  Anticlinal 
Theory  are  ajqsarently  so  widely  at  variance  with  the  facts  that  it 
might  be  of  value  to  point  those  cases  out  in  somewhat  more  detail. 

A glance  at  the  acconqianying  map  will  show  that  most  of  the 
enormous  gas  fields  of  Pennsylvania  lie  in  the  more  steeply  folded 
i-egion  to  the  east  of  the  great  oil  belt,  which  is  in  much  Hatter  rocks. 
The  fact  that  gas  occurs  in  these  steeper  anticlines  shows  fa),  that 
llie  pervious  bed  has  a sufficiently  impervious  cover  for  oil;  (b),  that 
tliere  must  be  a source  for  oil  where  such  a quantity  of  the  lighter 
form  of  the  ].>araffin  gi-oup  is  ]>resent;  (cl,  the  gas-bearing  bed  is 
a]q)arp!itly  of  equal  porosity  to  that  in  the  oil  fields.  According  to 
(he  Anticlinal  Theory,  should  this  region  not  be  especially  rich  in 
oil,  since  in  1he  steep  dips  gravity  would  be  much  more  effective  in 
moving  ihe  oil? 

In  most  of  the  area  covered  by  the  Venango  oil  sand  group  south 
of  Butler  county  no  salt  water  is  found  in  these  sands,  and  where 
it  is  found  the  amount  is  very  small,  and  the  area  of  saturation  of 
local  extent  only,  except  that  in  the  Gordon  sand  of  the  Washington- 
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Taylorstown  field,  as  prevoiusly  iiieiitioiied.  Going  nortlnvard  fi'Oin 
this  field  the  rocks  rise.  At  Caunonsbiirg  the  Gordon  sand  srill 
carries  some  water  in  places.  Here  the  Foni  th  is  dry  and  the  Fifth 
carries  little  or  no  water.  At  Venice  the  Gordon  and  Fifth  some 
times  carry  a little  water,  hut  the  remaining  portions  are  filled  with 
oil.  At  McDonald  both  these  sands  are  practically  dry,  though  a 
little  water  is  sometimes  found  in  a well  here  and  there.  Continuing 
northward  at  a higher  point  in  the  sands,  the  ^loon  and  Coraopolis 
oil  pools  of  the  Gordon  sand  show  considerable  water.  At  the 
southern  (lower)  edge  of  the  Coraopolis  in  this  sand  the  water  has 
sufficient  head  to  drown  out  wells  that  are  almost  exhausted.  The 
fact  that  such  wells  that  are  drowned  show  a marked  increase  in 
j)i'oduction  for  a few  days  before  this  happens,  shows  that  the  water 
actually  creeps  up  the  slope  of  the  sand  from  below.  Yet  it  should 
be  remembered  that  th>  Gordon  sand  is  apparently  dry  100  feet 
lower  down  and  less  than  three  miles  distance  from  the  Coraopolis 
pool.  Higher  up,  this  sand  seldom,  if  ever,  shows  water.  At  Glen- 
field  the  data  in  hand  does  not  give  any  clue  as  to  the  water  condi- 
tions in  the  Gordon,  nor  is  the  evidence  clear  at  (Mt.  Xebo.  but  from 
what  could  be  learned,  the  sand  shows  no  water. 

In  the  Sandle  and  Wildwood  jiools  the  sand  shows  no  water.  All 
the  pools  mentioned  in  the  Gordon  sand  are  situated  along  the 
flanks  of  an  anticline,  except  the  Mt.  Xebo  field,  which  is  cut  across 
by  the  Mt.  Xebo  syiicline.  The  Wildwood  pool  lies  along  the  eastern 
crest  and  slope  of  the  anticline  of  that  name.  Xo  Gordon  water 
has  been  found  on  the  slope  of  the  sand  lielow  this  pool,  so  far  as 
the  writer's  inquiries  could  determine. 

What  has  been  said  of  the  Gordon  sand  is  equally  true  of  the 
others  of  this  group,  so  far  as  the  writer's  personal  observations  go. 
The  oil  pool  in  tlie  Boulder  sand  in  the  Grubbs  oil  field  is  destitute 
of  water.  l\Iany  holes  have  been  put  down  lo  the  Boulder  sand 
around  this  pool,  but  so  far  as  can  be  ascertained,  these  have  shown 
a close,  hard  sand,  with  no  water,  oil  or  gas.  This  sand  also  pro- 
duces oil  and  gas  in  the  Craig  ])Ool,  near  the  trougli  of  the  Sewickley 
syncline.  In  this  pool  there  is  sufficient  gas  to  flow  the  oil.  Xo  salt 
water  is  reported  from  any  portion  of  this  territory.  In  the  Duff 
City  field  the  Snee  and  Thirty-foot  sands  carry  oil  near  the  crest 
of  an  anticline  in  an  apparently  dry  sand.  The  t'riders  pool  is  in 
the  Snee,  near  the  axis  of  tlu^  Brush  creek  anticline,  with  a[>parently 
no  water  in  this  sand  below  the  oil.  In  the  instances  cited  above,  it 
is  extremely  difficult  to  find  a plausible  theory  to  account  for  the 
accumulation  of  these  pools  in  apparently  dry  rocks  on  or  near  the 
crests  of  anticlines.'"  By  the  Anticlinal  Theory  pools  in  dry  sands 


*Thp  Fifty-font  contours  on  Plate  1 do  not  bring  out  the  smaller  structural  features  in  and 
near  the  oil  pools  to  which  reference  is  made. 
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should  occur  at  or  uear  the  bottom  of  STiicliues,  or  at  the  upper 
margin  of  flat  areas,  where  the  pools  are  small.  Such  occurrences 
might  be  accounted  for  in  a few  of  the  cases  mentioned  bv  attribut- 
ing their  peculiar  locations  to  barriers  of  ini})ervious  rock  in  the 
oil  sand  which  prevented  the  downward  movement  of  the  oil  by 
gravity.  But  in  the  larger  fields,  like  the  Coraopolis  and  Wildwood, 
and  file  Fifth  sand  ]>ool  in  the  McDonald  field,  this  explanation  will 
hardly  hold.  A brief  statement  of  the  conditions  found  in  the 
last-named  pool  will  place  the  situation  more  clearly. 


Fig.  21.  Showing-  a northwest-southeast  section  of  the  Fifth  Sand 
across  the  McDonald  oil  pool.  The  horizontal  distance  is  about  12  miles. 
Both  the  dip  and  the  thickness  of  the  sand  are  greatly  exaggerated.  (If 
the  vertical  and  horizontal  scales  were  the  same  in  the  figure,  the  Fifth 
Sand  would  appear  as  a thin  almost  straight  horizontal  line.) 

A B,  McDonald  oil  pool;  C,  axis  of  Ninevali  syncline;  D,  small  pool 
of  gas;  E,  some  gas.  This  sand  shows  little  or  no  salt  -water. 

Fifth  Sand  Oil  Pool  in  the  AfcDonald  Field.  This  pool  lies  along 
the  irregular  western  flank  of  the  Nineveh  syncline.  It  is  about 
10  miles  long  by  4 miles  wide  at  its  widest  point.  This  area  has 
been  drilled  full  of  holes,  and  some  single  wells 'from  the  Fifth 
sand  alone  have  flowed  over  10,000  barrels  per  day  from  holes 
ranging  from  2,200  to  2,400  feet  deep.  After  jtroducing  for  18  years 
these  Avells  show  only  here  and  there  a trace  of  salt  ivater  in  the 
Fifth  sand.  This  pool  lies  ]>arallel  to  and  very  close  to  the  edge 
of  the  Fifth  sand,  which  jtiuches  out  completely  near  the  upper 
margin  of  the  ])roduciug  area.  Fig.  21  shows  a section  across  this 
pool  near  the  middle,  from  the  trough  of  the  Nineveh  syncline  north- 
ward to  the  edge  of  the  sand.*  From  this  figure  it  will  be  seen  that 
the  McDonald  pool  lies  along  a gently  sloping  terrace,  from  which 
the  rocks  dip  more  rapidly  southeastward  to  the  Nineveh  syncline. 
Within  the  ])Ool  the  Fifth  sand  is  iu  most  cases  a very  open  con- 
glomerate sand  varying  from  0 to  4fl  or  more  feet  in  thickness.  On 
the  slope  below  this  pool  to  the  bottom  of  the  Nineveh  syncline  the 
sand  is  closer  and  harder  and  carries  fewer  quartz  pebbles,  but  it 
has  often  been  found  to  have  a good  pay  with  no  oil  or  gas  and 
little  or  110  vatcr.  On  the  side  of  the  syucline  above  the  oil  pool  the 


*In  this  section  the  clip  and  thickness  of  the  Fifth  sond  is  greatly  exagsrerated.  If  the  hori- 
zontal and  vertical  scales  were  the  same  in  this  drawing  the  sand  would  appear  as  a thin, 
almost  straight  line,  with  a dip  hardly  perceptible  to  the  eye. 


STATE  OF  PENISTSYLVANIA, 


305 


sand  is  usually  close  and  hard,  carrying  no  oil,  some  gas,  and  no 
water.  It  pinches  out  entirely  in  a short  distance  in  this  direction. 

What  e.Kplanation  can  we  ])iovide  for  the  accumulation  of  an  oil 
pool  of  this  type?  Since  the  bed  gives  up  little  or  no  water  it  might 
be  considered  as  not  saturated.  In  such  a case,  by  the  Anticlinal 
Theory,  the  oil  should  have  been  derived  from  the  sandstone  up  the 
slope  from  the  pool.  Tliis  is  manifestly  impossible  since  there  is  no 
sandstone  in  that  direction.  And  it  is  impossible  to  imagine  that 
this  oil  has  come  froin  the  shales  above  or  below  the  produeing 
area  Avhen  we  consider  that  the  pressure  was  sullicient  to  raise  a 
column  of  oil  G inches  in  diameter  2,400  feet  at  a rate  sufficient  to 
produce  10,000  barrels  per  day.  It  has  been  suggested  that  in  pools 
of  this  type  the  sand  was  once  filled  with  water,  and  that  it  has 
been  removed  subsequent  to  the  formation  of  the  oil  pool.  The  writer 
does  not  believe  this  could  be  true  in  this  instance.  If  such  were 
the  case,  hydration  and  drainage  would  be  the  principal  means  of 
this  removal.  In  rocks  of  this  type  it  would  be  ridiculous  to  attribute 
all  of  mich  work  to  hydration.  The  greater  part  (if  removed  at  all) 
would  be  drained  away  by  gravity  caused  by  slow  structural  changes. 
If  this  be  the  case  here,  how  could  a difference  in  specific  gravity 
equal  to  half  the  weight  of  the  oil  develop  such  an  enormous  pres- 
sure in  rising  along  the  western  slope  of  the  syncliiie?  If  tliis  wei*e 
possible,  when  the  water  was  being  drained  away  would  this  pres- 
sure, plus  gravity,  not  cause  the  oil  to  flow  back  down  the  slope  on 
the  track  of  the  disappearing  water?  And  would  not  the  ultimate 
location  of  the  pool  have  been  along  the  trough  of  the  syncline?  If 
the  sand  is  still  saturated  with  water,  why  did  it  not  flow  into  the 
wells  through  back  pressure  from  the  oil  and  gas,  since  by  the  theory 
the  rock  is  admittedly  porous  enough  to  alloAV  the  passage  of  oil 
by  difference  in  gravity  of  the  oil  and  water?  Also  if  the  oil  come 
up  the  slope,  why  do  we  have  a gas  pool  occurring  at  a lower  level 
than  the  oil  pool? 

The  same  conditions  prevail  in  a longitudinal  section  of  this  pool, 
with  the  exception  that  the  oil  rock  has  less  dip,  so  that  no  explana- 
tion is  offered  in  that  direction. 

What  has  been  said  regarding  the  Fifth  sand  production  in  the 
McBouald  pool  may  be  stated  in  much  the  same  manner  for  all  the 
pools  named  above.  They  are  invariably  found  in  small  lentils  of 
open,  porous  rock  surrounded  by  harder,  closer  areas  of  the  oil  sand. 
We  can  not  imagine  for  a moment  that  such  a porous  area  in  the 
sand  has  held  this  body  of  oil  from  the  time  the  rocks  were  deposited. 
ISTor  is  it  clear  how  capillary  action  could  cause  such  accumula- 
tions. This  force  can  act  only  in  the  absence  of  water,  a small 
quantify  of  intersticial  wafer  being  sufficient  to  bar  such  action.  All 
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geologists  will  agree  that  there  is  little  chance  that  these  rocks  are 
absolutely  dry,  but  that  they  must  of  necessity  carry  a relatively 
large  amount  of  iutersticial  water,  though  not  a sullicieut  amount  to 
saturate  them,  in  which  case  no  water  would  appear  in  the  wells 
except  under  the  most  favorable  conditions  of  dip  and  porosity. 

From  this  brief  outline  it  will  be  seen  that  the  writer  does  not 
consider  that  the  geologic  history  of  these  pools,  and  all  similar  ones, 
can  be  explained  by  the  theories  Avhich  are  usually  put  foiavard. 

It  is  hoped  that  future  investigations  along  the  lines  now  being 
pursued  will  result  in  a better  understanding,  not  only  of  this 
phase  of  the  perplexing  problem  of  oil  and  gas  accumulation,  but 
also  of  many  other  equally  important  questions,  the  solution  of 
which  will  result  in  substantial  gains  both  to  the  producer  and  to 
the  geologist. 
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GENERAL  STATEMENT. 

Peniisylvaina  ranks  second  in  the  United  States  in  the  production 
of  clay  products.  In  1907  clay  ijroducts  to  the  value  of  ^20,291,021 
were  produced,  according  to  the  statistics  of  the  Division  of  Mineral 
Kesources  of  the  L".  S.  Geological  Suney.  Of  this  amount  the 
largest  single  item  was  for  fire  brick,  $0,907,904.  Common  brick 
came  close  behind,  with  a value  of  $G,3o3,79D.  Over  $1,000,000  of 
vitrified  and  front  brick  Avere  produced.  The  other  products  ran 
under  $1,000,000  in  value  (the  various  kinds  of  pottery  taken  to- 
gether will  run  over  $1,000,000). 

The  clays  of  PennsA’lvauia  occur  as : first,  residual  clays,  due  as 
a rule  in  the  part  of  Pennsylvania  here  studied  to  the  decay  of  shales, 
shaly  sandstones,  or  argillaceous  limestones  in  place;  .second,  allu- 
vial clays  deposited  along  the  present  stream  valleys;  third,  clays 
deposited  in  the  high  level  abandoned  river  channels  and  on  river 
benches;  fourth,  coal  measure  plastic  clays,  usually  underlying  the 
coal  beds ; fifth,  coal  measure  flint,  non-plastic  clays. 

RESIDUAL  CLAYS. 

The  term  residual,  as  applied  to  clays,  is  sometimes  restricted  to 
those  originally  formed  from  the  breaking  down  of  feldspars.  The 
clays  so  formed  ai’e  kaolins  mixed  with  the  other  elements  of  the 
original  rocks  except  those  that  have  been  dissolved  and  removed 
in  solution.  Used  in  this  sense  there  are  no  residual  clays  in  south- 
western Pennsylvania.  The  term  is  here  used,  however,  to  denote 
clay  formed  in  j)lace  by  the  decomposition  of  shales,  shaly  sand.stones, 
or  argillaceous  limestones.  Such  clays  will  be  found  wherever  the 
underlying  rock  is  highly  argillaceous.  They  will  be  impure  in  pro- 
portion as  the  underlying  rock  contains  sand,  lime,  or  other  material. 
Such  deposits  are  usually  of  very  limited  thickness.  They  are  utilized 
principally  for  the  manufacture  of  ordinary  red  brick  in  a small  way 
for  neighborhood  use. 

TRANSPORTED  CLAYS. 

Under  this  head  for  our  purpose  Avill  be  considered  those  clays 
that  have  been  carried  a greater  or  less  distance  and  redeposited 
in  river  bottoms,  either  in  the  past  or  present.  As  a rule  these 
clays  are  apt  to  be  well  mixed  Avith  sand  and  other  materials.  In 
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places  water  currents  or  other  conditions  that  tend  to  sort  the  trans- 
ported material  have  persisted  long  enough  to  alloAV  the  laying 
down  of  beds  of  a fair  degree  of  purity,  and  of  sufficient  depth  and 
area  to  make  a commercially  workable  dei)Osit.  This  is  especiallj- 
true  of  the  old  abandoned  riier  valleys  to  be  found  adjacent  to  most 
of  the  larger  streams  in  soutliwestern  Pennsylvania.  Mr.  Campbell 
has  worked  out  the  character  of  these  deposits  in  several  places 
where  valuable  deposits  of  clay  exist.  He  has  found  in  many  cases 
that  following  up  stream  from  the  body  of  clay  the  deposit  tends 
to  become  more  sandy  and  coarser,  until  finally  only  the  coarse 
river  gravel  is  seen.  He  has  explained  these  conditions  on  the  sup- 
position that  tlie  channel  Avas  dammed  just  beloAV  the  clay  deposit, 
pounding  the  Avaters  so  that  the  coarse  material  Aims  dropped  at  the 
up])er  end  of  these  pounded  Avaters,  while  only  the  finest  material 
reached  the  loAver  end.  He  has  suggested  ice  as  the  agent  of  the 
damming,  and  the  time  as  during  the  Ice  Age  of  Pleistocene  time. 
These  clays  are  utilized  at  sevca-al  places  along  the  Monongahela 
rivex’,  in  one  place  yielding  II  feet  of  Avhite  clay.  In  that  I'egion  they 
have  been  utilized  mainly  in  the  manufactui'e  of  jugs  and  other  stone 
Avare.  At  Johns! OAvn  clays  of  this  character  have  been  used  Avith 
the  underlying  coal  measiu’e  shales  in  the  manxifacture  of  buff  and 
broAvu  building  brick.  It  is  probable  that  it  Avill  be  only  here  and 
there  that  clay  of  sufficient  purity  Avill  be  found  in  these  deposits. 

PLASTIC  CLAYS  OF  THE  COAL  MEASURES. 

Practically  CA^ery  coal  bed  in  the  coal  field  of  Pennsylvania  is 
underlain  by  a bed  of  clay.  These  clay  beds  have  a thickness  of  from 
1 or  2 feet  up  to  12  to  15  feet  or  more.  As  a rule  the  clay  beds  ar-e 
less  than  4 feet  thick.  The  use  of  the  word  clay  for  these  beds  has 
sometimes  been  questioned,  and  some  writers  use  the  Avord  shale 
to  describe  all  such  deposits.  Tliere  is  also  a very  common  failui’e 
on  the  paid  of  those  Avho  prepare  records  of  core  drills  to  distinguish 
betAA’een  clays  and  shales.  Shale  is  usually  defined  as  a someAvhat 
hardened  rock  that  will  split  more  or  less  readily  into  irregular 
laminae  or  plates  pai-allel  to  the  bedding.  They  present  almost  end- 
less A'arieties  of  texture  and  composition,  and  i>ass  by  imperceptible 
gradations  into  a vaidety  of  other  racks.  Tlie  criterion  hoAvei'er, 
that  determines  Avhether  any  rock  is  a shale  or  shaly,  is  its  ability  to 
split  into  more  or  less  thin  leaA^es  parallel  to  tlie  bedding.  The  term 
shale  is  usually  confined  to  a fine-grained  rock  having  those  charac- 
teristics, and  such  rocks  are  usually  ai’gillaccous  in  charactei%  and 
the  term  shaly  applied  to  rocks  of  other  composition  having  that 
physical  character.  It  is  true  the  term  shale  is  sometimes  used 
for  rocks  in  Avhich  locally  the  splitting  is  rather  obscured  by  the 
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shale  ha\'ing  a tendency  to  weather  out  in  little  blocks  rather  lhan 
thin  leaves.  Most  of  the  shale  used  in  Indiana  for  lile,  paving  blocks, 
et  cetera,  is  of  this  character.  Yet  even  here  the  blocks  are  bounded 
on  two  sides  by  the  bedding  plane  faces.  On  the  other  hand,  the 
so-called  clays  under  the  coal  beds  do  not  usually  exhibit  the  slight- 
est tendency' 1o  such  splitting.  The  clay  as  dug  conies  out  with  the 
irregular  fracture  of  an  ordinary  lump  of  dirt.  Often  these  lunijis 
show  smooth  slickeu-sided  surfaces  of  a conchoidal  shape,  meeting 
and  cutting  each  other  in  all  directions,  and  indicating  that  the 
clay  while  in  the  earth  has  adjusted  itself  by  movement  to  the  vary- 
ing pressures  under  which  it  has  existed. 

Two  theories  may  be  advanced  to  account  for  the  lack  of  shaly 
structure  of  the  clays  under  the  coals:  first,  that  these  clays  were 
deposited  in  the  bottom  of  shallow  bodies  of  water  under  conditions 
that  allowed  the  gradual  but  nearly  continuous  deposition  of  clayey 
matter,  whereas  in  the  case  of  shales  the  deposit  was  periodic,  fol- 
lowing successive  periods  of  rain  or  from  other  cause,  so  that  the 
surface  of  each  successive  layer  had  time  to  harden  slowly,  or  other- 
wise change  so  that  a plane  of  seiiaration  would  afterward  exist 
betwen  it  and  the  following  overlying  layer;  and,  second,  that  these 
clay  beds  would  have  formed  ordinary  shale  beds  except  that  they 
have  served  as  soil  for  the  growth  of  the  vegetation  that  composes 
the  overlying  coal  bed,  and  that  the  roots  of  tlie  plants  in  their 
growth  through  this  soil  would  naturally  break  up  any  horizontal 
structure  it  may  have  had.  At  the  present  time  it  is  difficult  to 
determine  hoAV  much  weight  the  first  theory  should  have,  if  any.  The 
structural  resemblance  of  these  clays  to  the  “plankton”  being  laid 
down  in  the  clear  lakes  of  the  northern  United  States  is  striking, 
but  not  the  chemical  character.  On  the  other  hand,  the  second 
theory  seems  sufficient  to  any  one  Avho  has  examined  in  the  face 
of  a cutting  the  lack  of  shaly  siructure  in  the  surface  soil  where  such 
soil  has  been  subjected  not  only  to  the  agency  of  roots  of  groAving 
plants,  but  to  the  burrowing  of  ants  and  oilier  small  animals,  and 
where  this  soil  is  on  a fiat  surface  involving  no  horizontal  move- 
ment, and  is  obviously  the  result  of  AA^eatliering  of  underlying  shales. 

In  some  places  the  coal  Avas  originally  laid  doAvn  on  a sandy 
deposit  instead  of  on  an  argillaceous  deposit.  In  such  cases  it  is 
usually  found  that  the  sandstone  has  been  affected  in  practically  the 
same  Avay  as  the  clays  more  commonly  found.  The  top  of  the  sand- 
stone bed  for  from  1 to  4 or  5 feet  has  nsually  lost  all  trace  of  the 
bedding  shoAAUi  in  the  unaffected  underlying  portion  of  the  sandstone 
bed.  If  dug  into,  this  sandstone  usually  comes  out  iu  nodular  irreg- 
ular blocks  or  lumps.  Examined  carefully,  both  the  clay  and  sand- 
stone under  these  conditions  are  found  to  be  cut  by  numerous  A^ertical 
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lines.  Closer  examination  shows  these  lines  to  be  the  casts  or  molds 
formerlj  occupied  by  the  roots.  These  are  usually  very  conspicuous 
in  these  under  sandstones,  and  may  have  been  entirely  obliterated 
in  the  case  of  clays  that  are  much  slickeusided. 

In  .some  cases  it  is  difficult  (o  account  for  the  i>resence  of  a clay 
rather  than  a shale,  as  when  below  the  Uj>per  Freeport  coal  a clay 
is  found  below  the  Upper  Freeport  limestone  as  well  as  between  the 
limestone  and  the  coal.  As  there  is  freiiuently  found  Hint  clay 
as.sociated  with  the  bed  below  the  limestone,  and  as  the  dint  clay  is 
supposed  to  have  a different  oiagin  from  the  soft  clays  just  described, 
it  seems  jiossible  that  in  this  and  similar  cases  the  plastic  clay  may 
have  its  origin  in  accordance  with  the  first  theory,  that  is,  that 
it  was  laid  down  under  peculiar  conditions  that  not  only  allowed 
1he  careful  selection  of  the  material  to  be  deposited,  but  that  this 
material  when  selected  was  de])Osited  so  that  no  shaly  structure 
developed  under  the  weight  of  the  rocks  laid  down  afterward.  The 
subject  is  one  admitting  of  considerable  study. 

Furihermore,  the.se  under  clays  and  under  sandstones  are  alike  in 
two  oilier  particulars  in  which  they  differ  from  the  shales  and  sand- 
.stones  not  associated  with  coals,  fir.st,  they  incline  to  be  lighter  in 
color.  In  jiarticular  cases  this  is  not  always  apparent,  but  taking  a 
number  of  cases  it  becomes  quite  .striking.  Where  shales  usually 
range  from  blui.sh-gra^'  to  black,  and  sand.stones  from  gray  to  red, 
yellow,  brown,  and  black,  the  under  clays  rvill  range  from  a dark- 
drab  lo  ](ure  white,  and  the  under  sandstones  are  usually  gray  or 
nearly  white.  Light-gray,  cream-colored  and  white  under  claj^s  are 
common,  but  cream-colored  or  white  shales  are  almo.st  unknown.  In 
the  second  ]ilace,  the  under  clays  and  sandstone  agree  with  each 
other  and  disagree  with  other  .shales  and  sandstones  in  containing 
very  small  amounts  of  the  alkalies  and  other  “liuxes.”  Both  of  these 
facts  ai-e  explained  by  the  well  proven  fact  that  sucli  vegetation  as 
formed  the  coal,  aided  by  the  organic  acids  which  are  found  in  the 
soils,  has  the  power  of  absorbing  from  such  .soil  all  or  nearly  all  of 
the  alkalies,  iron  and  .sulphur  they  contain.  The  removal  of  rhe 
iron  oxides  takes  away  the  reds,  yellows  and  browns  that  they  may 
have  contained,  leaving  them  gray  or  other  light  color. 

The  difference  in  the  amount  of  “ffuxes”  is  evident  if  any  compari- 
sons be  made  of  the  analy.ses  of  the  .shales  and  under  clays.  For 
exani])le,  recent  analy.ses  of  IS  .shales  from  the  coal  measures  of 
Indiana  showed  them  to  range  from  S.8.5  to  l.o.Ol  per  cent,  of  fluxes, 
with  an  average  of  12. 9S.  Similar  analyses  of  17  under  clays  from 
the  same  region  gave  a range  for  the  fluxes  of  from  1.79  to  12.40, 
with  an  average  of  (5.77.  Evidently  the  shales  are  better  suited  for 
the  manufacture  of  paving  brie’:,  v liere  a certain  amount  of  melting 
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in  the  clay  is  desired,  in  order  that  it  nun’  “vilrity’’  or  harden  into 
a glass  in  cooling,  while  the  clays  are  adapted  1o  the  inaimracture 
of  refractory  brick  or  ware.  These  under  clays  are  nsnall}'  all 
designated  fire  clays.  In  the  analyses  just  cited,  it  is  evident  that 
the  under  clay  with  onh’  1.79  per  cent,  of  llnxes  will  make  a high 
grade  tire  brick,  as  indeed  it  does,  while  the  under  clay  ivilh  12.40 
per  cent,  of  fluxes  would  not  be  classed  as  a lire  clay  at  all.  Com- 
paring the  tivo  sets  of  analyses  it  is  found  that  14  of  the  IS  analyses 
of  shales  show  over  12  per  cent,  of  fluxes,  while  of  the  under  clays 
12  of  the  17  run  xiiider  7 ])er  cent,  of  tluxes,  so  that  while  it  is  a 
general  rule  that  the  under  clays  are  fire  clays,  it  is  not  universal. 

The  under  clays  of  the  upper  part  of  the  coal  measures  have  been 
but  little  exploited.  The  'bnain  clay”  of  the  rittsburg  bed  8 inches 
thick  has  been  used  successfully  at  Courtney  and  Manown  in  the 
manufacture  of  clay  forms  for  the  open  hearth  and  Bessemer  steel 
process.  In  these  cases  the  operations  of  mining  the  coal  had  devel- 
oped a large  volume  of  clay  already  available.  So  successful  have 
these  plants  been  that  there  seems  no  reason  why  similar  ])lants 
should  not  be  developed  at  other  points  where  the  commercial  con- 
ditions warrant,  especially  whei-e  the  clay  is  taken  down  in  mining 
the  coal.  With  the  preceding  e.xcej)tion  all  of  the  plastic  under  clays 
being  developed  belong  in  the  Allegheny  or  Pottsville  formations. 
Practically  all  of  the  Allegheny  coals  ai‘e  underlain  by  clay  nearly 
everywhere.  Taken  as  a whole  relatively  little  is  known  of  the  availa- 
bilt}"  of  the  dilferent  under  clays.  Actual  development  in  (he  area 
here  studied  has  been  confined  almost  entirely  to  four  horizons,  and 
to  very  limited  areas  on  the  outcroj)s  of  these  horizons. 

The  Upper  Freeport  Chnp  This  usually  runs  from  4 to  .3  feet 
in  thickness,  but  in  many  places  it  is  up  to  10  or  12  feet  thick.  It 
is  usually  a deep  buff  color,  but  is  sometimes  a ]>ale  bluish-gray. 
It  was  formerly  worked  near  the  Summit  Cut  of  the  P.  F.  W & C. 
Kail  way  on  the  IS^ew  Castle  quadrangle,  where  it  is  rej>orted  8 to 
10  feet  thick.  It  is  worked  at  Fallston  on  the  Beaver  quadrangle, 
where  it  has  a thickness  of  uj)  to  22  feet.  It  is  said  to  make  an  in- 
ferior brick  when  used  alone,  but  does  well  when  mixed  with  the 
Lower  Kittanning  for  building  brick,  its  ferruginous  character  ad- 
ding colors  where  desired.  In  Beaver  county  this  clay  is  often  more 
persistent  than  the  coal.  In  come  places  in  this  county,  as  else- 
vchere,  the  clay  is  in  two  benches  lying  above  and  below  the  U])per 
Freeport  limestone.  In  maTiy  ]>laces  where  it  shows  unusual  thick- 
ness it  is  probable  that  the  limestone  has  run  out,  allowing  the  two 
benches  of  clay  to  come  together.  At  many  points  in  the  Connells- 
ville  Basin  the  plastic  clay  below  the  Upper  Freeport  coal  is  mined 
in  connection  with  the  Boiiv;"’  ( ]ny  at  that  horizon,  ]>lastic  clay 
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being  used  to  form  the  bond.  It  does  not  appear  to  have  been  ex- 
tensively developed  in  other  parts  of  southwestern  Pennsylvania, 
though  it  is  practically  co-exteusive  with  the  Upper  Freeport  coal. 

The  Lower  Freeport  clay  and  Uj)per  Kittanning  clay  have  been 
but  little  explored  or  exploited.  Thicknesses  of  the  clay  from  3 to  5 
feet  are  not  uncommon,  though  both  clays  will  probably  average 
much  less.  Locally  10  feet  of  clay  is  found  below  the  Lower  Free- 
port coal.  At  such  times  it  ajtpears  to  be  in  a bench  that  underlies 
the  limestone. 

Middle  Kittanning  Clay.  In  Beaver  county  the  clay  below  the 
Middle  Kittanning  (Darlington)  coal  is  persistent  with  a thickness 
of  5 to  7 feet.  Where  it  has  been  prospected  or  0]>ened,  it  is  in  gen- 
eral reported  to  contain  too  many  iron  nodules  for  most  purposes. 
Locally  it  reaches  a thickness  of  15  feet.  In  the  Clarion  quadrangle 
this  clay  has  been  mined  Avith  a thickness  of  4 to  G feet  near  Haw- 
thonie.  It  is  made  into  Bristol  glazed  stone  Avare. 

Lower  Kittanning  Clay.  This  is  i)robably  the  most  important 
plastic  clay  horizon  in  the  State.  Its  large  development  has  been 
in  part  because  of  its  adAmntageous  position  close  to  the  level  of 
the  riA'er  bottoms  along  the  Ohio,  and  the  adjacent  transportation 
facilities  thus  given,  and  j)artly  because  of  its  quality  and  thickness. 
This  bed  furnishes  most  of  the  clay  along  the  Ohio  riA'er  from  Beai^er 
county.  Pa.,  to  Ashland,  Ky.  It  is  usually  a dull  gray  color  when 
fresh,  turning  creamy  Avhite  on  long  exposure.  The  upper  part  is 
usually  the  purest,  and  it  grades  insensibly  into  sandy  clay  beloAV, 
which  is  usually  less  plastic,  harder  and  more  shaly.  Different  parts 
of  the  bed  may  be  used  according  to  the  product  to  be  made.  For 
stone  ware  only  the  upper,  more  plastic  part  is  used.  For  seAver 
pipe  a mixture  of  the  bed  as  a whole  is  suitable.  This  clay  will 
probably  aA’erage  thicker  than  any  other  in  the  coal  measures.  While 
it  is  often  only  1 or  3 feet  thick,  it  will  probably  average  betAveen 
5 and  7 feet  oA^er  large  areas.  Thicknesses  of  10  to  12  feet  are  com- 
mon. At  Clearfield  the  clay  at  this  horizon  is  probably  combined 
Avith  the  Clarion  clays  below,  so  as  to  make  almost  or  quite  40  feet 
of  clay.  This  clay  is  extensively  mined  in  Beaver,  Fayette,  Arm- 
strong, Clarion,  Clearfield  and  Cambria  counties.  The  clay  is  shoAvn 
on  the  map  by  the  line  of  outcrop  of  the  LoAver  Kittanning  coal, 
Avhere  that  outcrop  is  shoAvn.  In  many  parts  of  the  area  a valuable 
flint  clay  is  associated  Avith  this  plastic  clay. 

Clarion  Clays.  Clays  associated  with  the  coals  of  the  Clarion 
group  have  been  more  or  less  extensively  exploited  in  many  of  the 
counties.  In  Beaver  county  it  has  been  Avorked  by  Mr.  Hice,  who 
reports  it  superior  to  the  Lower  Kittanning  clay,  containing  a smaller 
amount  of  iron  and  probably  of  alkalies,  standing  more  firing,  and 
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burning  to  a much  whiter  color.  It  has  a reported  tliickiiess  of 
from  6 to  12  feet.  It  is  not  well  situated  in  that  county  for  mining. 
In  the  Kittanning  and  Kural  Valley  quadrangles  this  clay  is  exten- 
sively mined.  It  is  there  a high  grade  plastic  clay  suitable  for 
gray  or  buff  building  brick  and  sewer  pipe,  tile  and  pottery,  and 
as  a bond  for  fire  brick.  It  is  from  G to  10  feet  thick,  often  with 
a layer  of  black  clay  on  top.  While  usually  sandy  toward  the  bot- 
tom, it  often  tends  to  run  into  sandstone.  In  Clarion  county  both 
Clarion  coals  are  underlain  by  often  5 feet  or  more  of  gray  clay. 
It  is  used  near  New  Bethlehem  in  connection  with  the  overlying 
shale  for  hollow  building  brick  and  drain  tile.  At  that  point  there 
is  10  feet  of  clay,  of  which  the  lower  half  is  hard  and  sandy.  In 
many  places  the  lower  sandy  portion  of  this  clay  passes  over  into  a 
gannister  rock,  being  a vdiite  sandstone  resembling  the  clay  in  its 
structure. 

Valuable  plastic  clays  occur  beneath  the  Brookville  coal  in  the 
south  part  of  the  State,  and  with  the  Mercer  coal  in  many  parts 
of  the  State.  They  are,  however,  usually  mined  mainly  in  connection 
with  the  valuable  flint  clays  which  occur  at  those  horizons. 

FLINT  CLAYS. 

General  Statement.  Flint  clays  are  the  main  source  of  the  high 
grade  furnace  linings  and  other  refractoi’j"  wares.  In  a large  measure 
the  great  furnace  industries  of  Pennsylvania  are  dependent  on  the 
flint  claj's  for  their  continuance.  This  great  demand  has  given  a high 
value  to  all  suitable  flint  clays,  for  all  flint  clays  are  not  equally 
refractory.  Unlike  the  plastic  clays,  which  as  a rule  must  be  favora- 
bly situated  with  respect  to  commercial  conditions  to  be  of  any  value 
as  clay,  the  flint  clays  are  constantly  being  sought,  and  when  found 
of  the  desii*ed  quality  will  be  mined  almost  without  regard  to  com- 
mercial conditions.  Many  branch  railroads  and  switches,  often  many 
miles  in  length,  have  been  built  back  among  the  hills  to  reach  exten- 
sive deposits,  yet  strangely  enough  the  geology  of  flint  clays  has 
received  almost  no  attention  from  the  writers  of  clay  reports  and 
books  on  the  subject  of  clay  and  clay  products.  The  writer  thei*e- 
fore  feels  constrained  to  add  a few  notes  on  flint  clays  and  their 
occurrence. 

Chemically  a flint  clay  of  the  best  grade  has  almost  the  composi- 
tion of  pure  kaolinite.  In  the  table  below  are  tluTe  analyses  from 
different  parts  of  the  bed  from  a deposit  2^  miles  west  of  Blue  Ball, 
Clearfield  county.  The  specimen  photographed  in  Plate  XIII  A, 
is  from  this  deposit,  and  would  probably  correspond  closely  with 
the  second  or  third  analysis.  In  the  fourth  column  is  placed  for 
comparison  the  theoretical  composition  of  kaolinite,  or  kaolin,  as  it 
is  commonly  known : 
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ANALYSES  OF  SELECTED  SPECIMENS  OF  FLINT  CLAYS,  KAOLINITE 

AND  INDIANAITE. 


Silica  (SiOz),  

Alumina  (AI2O3),  

Iron  oxide  (Fe^Os) 

Titanium  oxide  (TiO),  

Lime  (CaO),  

Mag-nesia  (MgO),  

Alkalies,  

Water  and  organic  matter, 


1 

2 

3 

4 

Per  Cent. 
42.700 
37.600 
2.385 

Per  Cent. 
43.350 
37.550 
2.145 

Per  C^t. 
44.550 
39.000 
1.440 

Per  Cent. 

46.4 

39.7 

2.500 

2.825 

1.700 

.112 

.084- 

.028 

.270 

.234 

.072 

.730 

.235 

.530 

13.840 

14.170 

13.660 

13.9 

6 

6 

7 

8 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Silica  (Si02) 

44.75 

46.75 

44.60 

43.19 

Alumina  (AI2O3) . 

38.69 

38.17 

40.65 

41.60 

.95 

.29 

.80 

Lime  (CaO) 

.37 

.57 

.27 

.15 

.30 

.12 

.06 

.07 

Water  and  organic  matter,  

15.17 

14.03 

14.23 

13,48 

Nos.  1 to  3,  upper,  middle^  and  lower 

poi-tions 

of  bed 

2-|  miles 

west  of  Blue  Ball,  Clearfield  coniily,  Ba.  CleCreath,  Second  Geologi- 
cal Survey  of  I’eiinsyh  aula,  \olume  H,  jiage  12i).  Xo.  -f,  tlieoretical 
composition  of  kaolinite;  No.  o,  composition  of  indiaiiaite,  Lawrence 
county,  Indiana  (N^oyes) ; No.  0,  Hint  clay,  Carter  county,  Ky. ; No. 
7,  Ga.vlord  flint  clay,  Sciota  county,  O. ; No.  8,  Stone  City  flint  clay, 
Stone  City,  Ky.  (Nos.  5 to  8,  Tweniy-ninth  Ann.  Kept.  Dept,  of 
Geology,  X'atural  Resources  Indiana,  1904,  p.  392).  The  indianaite 
is  a juire  white  deposit  of  a hydrous  aluminum  silicate.  It  occurs 
at  the  base  of  the  coal  measures  in  Indiana,  and  apparently  has  a 
somewhat  similar  origin  to  the  flint  clays.  The  Carter  county,  Ky., 
clay  is  ju'obably  from  Olive  Hill.  It  is  a matter  of  some  interest 
that  the  Olive  Hill  clay,  as  does  that  from  Sciotaville,  also  occurs 
at  the  base  of  fhe  coal  measures.  In  that  part  of  Kentucky  and 
Gliio  it  there  underlies  fhe  massive  Hharon  sandstone  or  conglom- 
erate just  as  the  indianaite  underlies  the  massive  Mansfield  sand- 
stone or  conglomerate  of  a]»proximately  or  quite  the  same  age.  The 
mat+er  is  of  interc.st  as  suggesfing  tlie  possibility  of  a closer  rela- 
tionship between  the  indianaite  and  flint  clays  than  is  suggested 
by  tlie  analyses  alone. 

As  far  as  known  to  the  writer  flint  clays  have  not  been  studied 
mineralogically.  Whefher  kaolin  is  the  base,  or  some  closel.y  related 
mineral,  I do  not  know.  It  is  evident,  however,  that  in  its  best 


A.  High  grade  flint  clay,  showing  typical  grain  and  fracture.  From 
2%  miles  west  of  Blue  Ball,  Clearfield  county. 


B.  “Nodular”  flint  clay.  From  west  of  Curwensville,  Clearfield 
county. 


Plate  XIII.  Photographs  of  flint  clays.  (Photographs  made  in  Photo- 
graphic Laboratory  of  the  U.  S.  Geological  Survey.) 
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grades  it  approaches  very  close  to  kaolin  in  composition,  and  to 
that  extent  differs  from  the  clays  and  shales,  that  usnally  have  a much 
larger  amount  of  free  silica  and  other  impurities. 

Physically  a good  flint  clay  differs  strikingly  from  an  average 
clay  or  shale.  The  upper  figure  in  Plate  XIII  is  from  a photograph 
of  a piece  of  flint  clay  from  the  deposit  west  of  Blue  Ball.  It  shows 
well  the  characteristic  features;  the  smooth,  fine-gTain,  the  conchoidal 
fracture,  the  sharp  edges  between  the  conchoidal  breaks.  The  color 
is  a gray-drab,  not  very  different  from  that  of  the  engraving,  and 
a hardness  when  fresh  nearly  that  of  many  limestones,  that  is,  it  will 
ring  under  the  hammer,  requiring  often  repeated  blows  to  break 
off  pieces  of  any  size.  After  being  out  in  the  Aveather  a long  time 
it  tends  to  become  more  brittle,  so  that  a shai’p  blow  with  a heavy 
hammer  on  a block  a foot  cube  may  break  it  into  a hundred  pieces, 
but  each  little  piece  has  all  the  sharp  edges  and  the  conchoidal  faces 
of  a piece  of  quartz  flint  broken  doAvn  under  similar  conditions. 
The  geologist  unacquainted  Avith  the  rock  hardly  hesitates  to  call 
it  limestone  on  general  appearance  until  he  has  tested  it  Avith 
acid. 

The  rock  is  not  all  of  the  high  grade  described,  either  chemically 
or  physically.  The  lower  figure  of  Plate  XIII  is  from  a photograph 
of  a specimen  of  what  is  known  as  nodular  clay.  This  as  a rule  will 
make  brick  of  only  second  grade.  Flint  clay,  as  is  AA^ell  knoAvn,  is 
non-plastic,  and  must  be  mixed  Avith  a certain  percentage  of  plastic 
clay  in  order  to  be  moulded  into  bricks.  The  percentage  of  plastic 
clay  A’aries  according  to  the  use  to  which  the  fire  brick  is  to  be  put, 
or  the  grade  of  fire  brick  being  made,  and  also  Avith  the  refractory 
qualities  of  the  plastic  clay.  The  occiumence  of  flint  clays  is  a matter 
that  has  been  but  little  discussed  in  reports  or  text  books.  In  some 
cases  the  flint  clay  occurs  as  a deposit  sharply  delimited  by  rocks 
of  quite  different  character,  but  it  usually  occurs  associated  Avith 
shales  and  clays  somewhat  similar  in  physical  aspect.  In  some 
cases  the  limits  of  the  two  associated  deposits  are  sharply  draAvn. 
In  other  cases  they  are  not.  In  some  cases  it  would  appear  to  be 
an  original  deposit  in  the  regular  sequence  of  layers;  in  others  it 
Avould  appear  to  be  a secondary  alteration  deposit.  Examples  may 
be  cited  illustrating  these  Amrious  occurrences. 

The  first  50  to  60  feet  above  the  Upper  Freeport  coal  up  to  the 
Mahoning  coal  in  the  central  counties  is  generally  filled  Avith  shale. 
This  shale  is  usually  ATry  fine  grained  and  oliAe  in  color.  In  parts 
of  the  section  the  fineness  of  the  grain  seems  to  increase  until  the  shale 
on  fracturing  pre.sents  surfaces  as  smooth  as  an  oydinary  ])iece  of 
paper.  This  condition  may  be  obseiwed  commonly  over  Clearfield, 
Cambria,  Indiana,  Jefferson,  and  other  counties.  In  many  sections 
21 
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that  is  as  as  far  as  that  phase  of  the  shale  goes,  but  in  many  other- 
sections  in  this  same  stratigraphic  position,  the  line  grained  shale 
can  be  observed  changing  from  a somewhat  fissile  shale  to  a shale 
having  the  conchoidal  or  hackly  fracture  of  flint  clay,  with  apparent- 
ly its  hardness,  brittleness,  et  cetera.  In  some  cases  the  change  goes 
no  further  than  would  be  described  by  flinty  shale,  that  is,  it  is  still 
distinctly  a shale,  but  with  decided  flinty  tendencies  or  characteris- 
tics. On  the  other  hand,  it  may  change  over  into  a typical  flint  clay. 
In  some  cases  the  flint  phase  is  rather  sharply  deflned.  More  often  it 
grades  imperceptibly  into  the  shale  above  and  below.  Usually  the 
thickness  is  not  over  two  or  three  feet  with  indefinite  limits,  but 
in  some  cases  it  reaches  a thickness  of  7 or  8 feet.  An  analysis 
of  this  clay  from  such  au  occurrence  west  of  Dilltowu  is  given  below: 

PARTIAL  ANALYSIS  OP  FLINT  CLAY  FROM  NATURAL  EXPOSURE 

WEST  OF  DILLTOWN. 

(E.  C.  Sullivan,  Analyst.) 


Silica  (SiOU 50.3 

Alumina  (AI2O3),  21.3 

Ferric  oxide  (FesOs),*  10.4 

Magnesia  (MgO) 0.61 

Lime  (CaO) 0.39 

Soda  (NazO),  0.18 

Potash  (K2O) 1.14 

Titanium  oxide  (Ti02>,  0.90 

Loss  on  ignition,  12.00 


i 97.22 

In  this  ca.se,  as  is  usual  with  flint  clay  at  this  horizon,  it  is  very 
high  in  iron.  This  shows  in  the  color,  which  nearly  everywhere  has 
a decided  olive  cast. 

A similar  ca.se,  only  that  the  adjacent  rock  is  clay,  occurs  in  north- 
eastern Kentucky.  There  over  a large  area  just  about  in  the  middle 
of  what  may  be  the  Lower  Kil tanning  and  Clarion  clays  combined 
is  found  a thin  bed  of  flint  clay.  It  has  all  of  the  hardness,  brittle- 
ness, conchoidal  fracture,  and  other  physical  charactertistics  of  flint 
clay.  As  observed  in  a large  number  of  road  sections  it  has  a thick- 
ne.ss  often  of  only  a few  inches,  though  sometimes  reaching  a foot 
or  two.  In  many  of  the.se  sections  it  attracts  attention  by  being 
nearly  or  quite  black  iu  contra.st  with  the  light-gray  color  of  the 
clay  above  and  below  it.  In  other  cases  it  is  light-gray  in  color. 
As  mined  at  Willard,  Carter  county,  Ky.,  though  only  4 inches  thick, 
it  was  shipped  to  Olive  Hill  and  elsewhere  and  pronounced  equal 
or  better  than  the  Olive  Hill  clay.  In  this  ca.se,  as  in  the  one  first 


•Total  Iron  calculated  as  FeaOs. 


A.  Photograph  showing  occurrence  of  flint  ciay  in  quarry  north  of 
Sligo,  Clarion  county. 


B.  Key  sketch  of  photograph.  C.  D.  Sketches  showing  occurrence 
of  flint  clay  below  Lower  Kittanning  coal,  as  exposed  in  railroad  cuts 
between  Curwensville  and  Clearfield.  (G.  H.  A.) 


Plate  XIV.  The  occurrence  of  Flint  clays  below  the  Lower  Kittanning 
coal. 
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cited,  the  bed  seems  to  grade  off  into  the  clay  above  and  below, 
rather  sharply  it  is  true,  but  having  no  sharp  break  between  the 
flint  clay  and  the  other. 

The  upper  figure  of  Plate  XIV,  which  is  from  a photograph  taken 
in  a clay  quarry  north  of  Sligo.  In  the  upper  part  of  the  quarry 
is  the  clay  between  the  “IV’  coal  and  the  coal  below,  which  is  here 
22  inches  thick  and  shows  in  outcrop  about  2 feet  above  the  head 
of  the  figure.  Under  the  coal  for  4 feet  is  soft,  light-drab  plastic 
clay.  Below  that  is  6 feet  of  good  flint  clay.  The  point  of  interest 
is  that  a little  to  the  right  of  the  figure  the  flint  clay  ends  abruptly 
against  the  plastic  clay,  which  there  descends  to  the  bottom  of 
the  quarry.  Still  farther  at  the  right  is  seen  another  irregular 
body  of  flint  clay  apparently  imbedded  in  the  plastic  clay.  The.se 
relations  are  emphasized  by  the  sketch  in  the  lower  left  hand  part 
of  the  same  plate.  In  the  lower  part  of  the  same  plate  are  two  sketch 
diagrams  to  show  the  occurrence  of  flint  clay  and  plastic  clay  in 
railroad  cuts  between  Curwensville  and  Clearfield.  In  these  and 
other  cases  that  might  be  given,  the  occurrence  of  the  flint  clay  is 
difficult  to  understand  on  the  basis  of  difference  of  character  in  the 
original  deposit. 

Other  factors  to  be  noted  are  that  the  flint  clays  often  occur  en- 
tirely separated  from  any  coal  bed.  When  associated  with  a coal 
bed,  as  they  usually  are,  it  is  generally  found  that  they  are  sepa- 
rated from  the  coal  by  some  plastic  clay  from  a few  inches  to  several 
feet,  or  by  other  rock,  so  that  it  is  questionable  whether  the  juxta- 
position of  the  coal  and  flint  clay  has  any  organic  meaning. 

In  the  thick  bed  of  plastic  clay  the  flint  clay  may  occur  in  any 
position  in  the  same  mine,  sometimes  at  the  bottom,  sometimes  at 
the  top,  or  in  any  intermediate  position,  sometimes  running  out 
altogether,  sometimes  forming  the  whole  bed,  though  as  previously 
stated,  there  is  almost  invariably  at  least  an  inch  or  two  of  soft 
clay  between  the  flint  clay  and  an  overlying  coal  bed,  if  the  clay, 
as  is  generally  the  case,  be  overlain  by  coal. 

There  is  a third  mode  of  occurrence  that  though  not  common, 
the  writer  has  seen  in  several  places,  in  Avhich  the  flint  clay  is  inti- 
mately associated  with  sandstone,  not  as  a bed  in  the  sandstone, 
but  as  irregular  fragments  scattered  all  through  the  sandstone. 
Sometimes  the  clay  is  in  the  form  of  small  pellets  one  or  two  inches 
in  diameter  scattered  all  through  the  rock,  and  making  but  a small 
percentage  of  the  rock.  In  other  ca.ses  it  is  in  large  lumps  6 or  S 
inches  or  more  in  diameter,  and  making  up  more  or  less  half  of  the 
rock.  In  still  other  cases  the  clay  is  in  large  masses,  but  grades 
over  into  sandstone  in  short  di.stances,  often  within  one  or  two 
inches.  In  some  cases  the  sand  is  in  the  condition  of  sandy  masses 
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of  clay  in  the  midst  of  a much  purer  bed.  The  uncertainty  in  the 
occurrence  of  this  clay  is  well  illustrated  by  one  of  the  clay  mines  in 
Clearfield  county.  As  the  territory  Avas  not  far  from  other  operating 
mines,  only  a single  test  drilling  was  put  down.  This  found  5 feet 
of  high  grade  flint  clay.  An  entry  Avas  then  started,  and  found  only 
a Avorthless  mixture  of  clay  and  sandstone  until  the  drill  hole  was 
reached,  the  entry  catching  the  drill  hole  just  at  one  side.  In  the 
center  of  the  entry  3 feet  from  Avhere  penetrated  by  the  drill,  the  good 
clay  had  thinned  doAvn  to  3 inches,  and  it  AA’as  later  found  that  the 
drilling  had  entered  a “pot”  of  fine  clay  about  40  feet  in  diameter. 

The  differences  in  the  occurrence  of  the  flint  clays  that  have  been 
described  suggest  possibly  <2uite  different  modes  of  origin.  In  the 
first  case  the  flint  clay  seems  to  form  a Avidely  distributed  regular 
layer  in  the  midst  of  either  clay  or  shale,  from  Avhich  it  probably 
differs  not  very  greatly  in  composition,  and  into  Avhich  it  seems  to 
grade.  In  the  second  case  the  flint  clay  occurs  as  irregular  masses, 
sometimes  of  considerable  lateral  extent,  and  often  lying  obliquely 
to  the  bedding,  and  Avitb  usually  rather  shar])ly  defined  contacts 
Avifh  the  adjacent  clay. 

In  the  first  case  it  Avould  seem  as  though,  due  to  some  cause  not 
exjilained,  there  had  been  for  a time  in  the  regular  ju-ocess  of  depo- 
sition a gradual  decrease  in  the  amount  of  iinjuirities  and  of  free 
silica  in  the  clay  matter  being  dejxisited,  Avilh  ])ossibly  a decrease 
in  the  amount  of  colloids,  if  those  actually  have  1o  do  Avith  the 
I>lasticity  and  Avith  possibly  other  differences  not  recognized  that 
go  to  differentiate  the  flint  clays  from  the  soft  jilastic  clays.  These 
conditions  having  existed  a short  time,  there  Avas  a return  to  fhe  more 
usual  conditions  under  Avhich  the  main  bed  of  soft  clay  Avas  laid 
doAvn. 

In  the  second  case,  if  it  be  assumed  that  the  bed  of  soft  clay  Avith 
AAfliich  the  flint  clay  is  associated  was  deposited  under  water  and 
jtrobably  quiet  Avater,  it  is  difficult  to  conceiA-e  of  any  conditions  that 
Avould  allow  the  simultaneous  deposition  of  these  irregular  masses 
of  flint  clay  lying  in  the  soft  clay  in  irregular  and  often  transverse 
j)Ositions.  On  the  other  hand  the  writer  is  unable  to  suggest  any 
adequate  and  satisfactory  cause  for  the  production  of  the  change 
in  the  original  clay  bed.  It  is  possible  that  a careful  chemical  and 
microscopical  study  of  the  flint  clays  and  the  adjacent  shales  and 
clays  might  throw  some  light  on  the  problem.  It  has  been  suggested 
that  the  flint  clays  represent  sub-areal  deposits  laid  doAvn  in  depres- 
sions by  wind  or  the  wash  of  rains,  but  it  ajApears  to  the  writer 
as  difficult  to  explain  the  widespread  deposits  of  uniform  thickness 
of  fhe  first  class  as  the  extremely  irregular  deposits  of  the  second 
class  on  this  basis. 
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One  other  factor  should  not  be  omitted  in  considering  the  origin 
of  these  clays,  that  whether  irregular  or  not  they  appear  to  occur 
only  at  a limited  number  of  definite  horizons,  but  at  those  horizons 
they  are  found  recurring,  though  not  persistent,  over  very  wide 
areas.  Thus  flint  clay  recurs  a short  distance  below  the  Lower  Kit- 
tanning coal  all  the  way  from  central  Pennsylvania  to  northeastern 
Kentucky.  Flint  clay  in  the  horizon  of  the  Bolivar  clay  is  found  here 
and  there  all  over  the  area  of  outcrop  of  the  Upper  Freeport  in 
Pennsylvania,  and  so  in  greater  or  less  degree  of  the  other  horizons. 
The  reader  may  draw  his  own  conclusions. 

Stratigraphy  of  Flint  Clays.  The  highest  stratigraphic  position 
at  which  flint  clay  has  been  found  in  Pennsylvania  appears  to  be 
about  130  feet  above  the  Upper  Freeport  coal  in  the  lower  part  of 
the  Conemaugh  formation.  This  has  only  been  reported  as  found 
and  worked  at  one  point.  At  Layton,  on  the  Youghiogheny  river, 
the  clay  is  from  2 to  5 feet  thick,  underlain  by  plastic  clay  to  give 
a total  thickness  of  from  6 to  20  feet.  On  the  west  side  of  the  river 
where  it  is  pierced  by  the  Washington  run  tunnel  the  clay  is  3^  feet 
thick,  underlain  by  12  feet  of  greenish  shaly  clay,  and  that  by  2.5 
feet  of  sandy  shale  and  thin  sandstones.  Over  the  clay  are  10  feet 
of  shaly  and  thin  sandstones,  and  above  that  25  feet  of  coarse  sand- 
stone. 

Upper  Mahoning  Clay.  Id  Beaver  county  where  the  Upper  Ma- 
honing interval  is  commonly  shaly,  a portion  of  this  shale  tends 
very  persistently  to  assume  a flinty  character,  and  in  places  this 
becomes  a typical  flint  clay  of  possibly  commercial  value.  It  lies  10 
to  20  feet  below  what  has  been  correlated  as  the  Brush  creek  coal, 
and  70  to  90  feet  above  the  base  of  the  formation.  It  has  a char- 
acteristic rusty  color  of  orange  brown  or  ochre,  but  the  hardness  and 
flinty  fracture  is  even  more  striking.  This  bed  is  to  be  seen  on  nearly 
all  the  roads,  where  its  horizon  is  crossed,  and  even  when  wet  it 
crackles  sharply  under  the  buggy  wheels.  It  is  so  widespread  in 
this  region  and  so  readily  recognized  that  its  position  will  be  shown 
on  the  map  of  the  New  Uastle  ([uarirangle  when  published.  The  fresh 
clay  is  a yellowish-gray.  It  has  been  prospected  one  mile  cast  of 
New  Galilee,  where  it  is  from  12  to  20  feet  thick. 

Lower  Mahoning  Clay.  In  the  lower  half  of  the  ^Mahoning  inter- 
val a very  similar  clay  or  flinty  shale  occurs  in  Clearfleld,  Cambria, 
Indiana,  Jefferson  and  the  other  eastern  counties.  This  clay  is 
usually  from  10  to  29  feet  below  the  Mahoning  coal,  and  from  30  to 
40  feet  above  the  Upper  Freepoi-t  coal.  It  is  so  like  the  Beaver 
county  flinty  shale  as  to  suggest  the  ])ossibilty  that  the  two  are  the 
same,  and  that  the  correlation  of  the  Upper  Freeport  coal  in  the 
two  areas  does  not  agree.  This  clay  appeared  everywhere  to  be 
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too  ferruginous  to  be  of  value  iu  the  manufacture  of  brick.  The 
analysis  of  this  clay  from  an  outcrop  near  Wehrum  has  already  been 
cited.  Flint  clay  from  this  horizon  is  used  east  of  Johnstown  iu 
connection  with  shales  for  the  manufacture  of  pressed  brick. 

Bolivar  Clay.  Flint  clays  of  the  Allegheny  formation  are  of  a 
much  higher  grade  than  the  la.st  two  described  from  the  Conemaugh. 
The  highest  of  these  clays  stratigraphically  is  the  Bolivar  clay.  It 
lies  from  10  to  25  feet  below  the  Upper  Freeport  clay,  coming  just 
under  the  Upper  Freeport  limestone.  It  has  been  worked  for  many 
years  at  the  type  locality,  Bolivar,  on  the  Conemaugh  rivei*,  where 
it  has  a thickness  of  from  C to  25  feet.  A flinty  clay  seems  to  recur 
at  this  horizon  with  great  persistency  all  through  the  eastern  part 
of  the  coal  field  of  Pennsylvania.  Iu  Indiana  county  especially  it  is 
to  be  met  with  iu  a large  number  of  the  roads,  where  its  horizon  is 
crossed,  and  the  same  thing  is  only  a little  less  true  of  some  of  the 
adjoining  counties.  In  these  road  exposures  the  bed  itself  is  seldom 
seen,  but  a short  distance  below  the  bloom  or  outcrop  of  the  Upper 
Freeport  coal  the  road  will  be  strewn  with  the  sharp-edge  fragments 
of  the  Hint  clay.  In  the  region  northeast  of  Bolivar  it  has  been 
but  little  mined,  but  to  the  southwest  it  has  been  the  source  of  a large 
part  of  the  clay  used  in  the  manufacture  of  the  many  fire  brick  needed 
in  the  coke  ovens  of  the  Connellsville  district.  Much  of  the  clay  is 
shipped  from  pits  on  the  Youghiogheny  river  in  the  vicinity  of 
Ohiopyle  to  Connellsville.  A large  plant  at  Moyer  is  supplied  from 
pits  near  Efeuinger.  In  these  pits  the  Upper  Freeport  coal  is  under- 
lain by  3 or  4 feet  of  shale,  and  this  by  from  10  to  15  feet  of  flint 
clay.  In  this  district  and  apparently  all  along  Chestnut  Ridge  the 
clay  contains  much  iron.  Where  weathered  the  iron  is  segregated 
into  concretions  or  “ore  balls”  which  can  be  removed  by  hand.  Where 
unweathered  the  iron  is  disseminated  through  the  clay,  and  this 
portion  of  the  clay  can  not  be  used.  The  same  bed  has  been  mined 
at  Layton  on  the  Youghiogheny  river,  where  it  is  said  to  be  very 
refractory,  and  has  been  used  for  glass  pots.  It  Avas  formerly  worked 
3 miles  above  the  mouth  of  Jacobs  creek,  and  shows  on  Meadow  run 
and  SeAvickley.  Below  Hunkers  flint  clay  0 to  G feet  in  thickness  is 
mined  Avith  plastic  clay  in  many  places.  In  Clarion,  Indiana  and 
Clearfield  counties  this  clay  presents  an  excellent  appearance  in  road 
outcrops,  but  it  has  not  been  prospected  or  developed.  South  of 
Chicora  in  the  western  part  of  the  Kittanning  quadrangle  this  bed 
is  10  feet  or  more  in  thickness,  and  apparently  has.  an  extent  of 
several  square  miles. 

Upper  Eittanning  Flint  Clay.  In  a feAV  scattered  places  flint  clay 
has  been  seen  to  occupy  a “position  near  the  Upper  Kittanning  coal. 
In  Clearfield  county  it  was  noted  at  a number  of  places  near  W^st- 
over,  near  McCartney,  and  near  Graham  station.  In  the  Uniontown 
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quadrangle  there  is  a flint  clay  SO  to  90  feet  below  the  Upper  Free- 
port coal  and  150  feet  above  the  Pottsville  sandstone.  It  has  been 
mined  at  many  points.  It  is  4 to  G feet  thick  on  1 fragile  run  in 
KSpringhill  township.  It  is  G feet  thick  on  Dunbar  creek.  It  is  mined 
from  pits  along  Youghiogheny  river  between  Indian  creek  and  Ohio- 
pyle.  Below  Stewarton,  one  mile  below  the  station  and  half  a mile 
farther  down  stream,  the  clay  is  10  to  12  feet  thick,  and  immediately 
underlies  a coal  bed  15  to  18  inches  thick. 

Loicer  Kittanning  Clay.  ^lention  has  already  been  made  of  the 
wide  extent  of  hint  clay  associated  with  the  plastic  claj^  under  the 
Lower  Kittanning  coal.  In  (’learfield  county  this  clay  has  been 
extensively  worked  west  of  Woodland,  where  it  is  the  upper  bed, 
coming  90  feet  above  the  Mercer  clay,  to  be  described  later.  As  a 
rule  in  this  region  the  bed  is  mainly  soft  clay,  and  as  such  is  exten- 
sively worked  at  Bigler  west  of  Wallaceton  and  west  of  Curwens- 
ville.  Flint  clay  appearing  in  road  sections  a little  below  the  out- 
crop of  the  Lower  Kittanuing  coal  has  been  found  all  through  Clear- 
field county  and  northeastern  Indiana  county.  At  many  places  this 
flint  clay  does  not  appear  to  be  of  high  grade.  Too  often  it  is  very 
sandy.  It  covers  a large  area  in  central  Clarion  county  in  a belt 
extending  across  the  north  half  of  the  Clarion  quadrangle,  as  well 
as  in  the  town  of  Clarion  itself.  In  this  district  it  often  reaches  a 
thickness  of  G feet  or  over.  The  clay  is  well  up  in  the  tops  of  the 
hills  through  much  of  the  area.  The  clay  is  persistent  in  its  occur- 
rence, but  varies  greatly  in  qualit.y.  It  has  been  used  to  a considera- 
ble extent,  so  its  qualities  are  fairly  well  known.  The  best  clay  is 
light-brownish  in  color,  fine-grained  and  moderately  hard.  Weathered 
pieces  are  bluish-gray  on  the  exposed  surfaces  and  are  easily  broken. 
An  average  sample  gave  as  follows  on  analysis: 

ANALYSIS  OF  AIR-DRIED  SAMPLES  OF  FLINT  CLAY  FROM  CLARION 

COUNTY,  PENNSYLVANIA. 


P.  H.  Bates,  Analyst.  A B 

Silica  (SiOi),  58.96  56.46 

Alumina  (Ai203) 25.60  27.69 

Ferric  oxide  (FesOs),  3.32  2.55 

Manganese  oxide  (MnO),  .07  .09 

Lime  (CaO) .70  .42 

Magnesia  (MgO) .25  .28 

Sulphuric  anhydride  (SOa),  .07  .14 

Soda  (NaiO) 15  .06 

Potash  (K2O),  .36  .52 

Water  at  lOO'’  C.,  80  1.40 

Ignition  loss 9.90  10.64 


100.18  100.25 
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The  analj'sis  shows  these  samples  to  carry  from  oue-fourth  to 
one- fifth  of  free  silica,  and  to  be  only  about  three-fifths  clay  sub- 
stance, in  contrast  with  the  best  Hint  clays,  which  contain  almost 
no  free  silica,  and  are  only  uj)  to  99  per  cent,  of  clay  substance, 
though  most  Hint  clays  will  run  several  per  cent,  below  that  figure. 

An  analysis  of  flint  clay  from  this  horizon  in  Clearfield  county 
by  McCreath  gave  as  follows:  silica,  50.150;  alumina,  35.600;  iron 
oxide,  .845;  lime,  1.113;  magnesia,  .160;  alkalies,  .070;  water,  13.160. 
The  similarity  of  this  analysis  to  those  of  the  same  clay  in  the  Clarion 
quadrangle  suggests  the  possibility  that  this  clay  may  generally 
contain  a higher  percentage  of  free  silica  than  the  underlying  Mercer 
clay,  which  is  described  elsewhere.  This  suggestion  is  strengthened 
by  the  fact  that  in  many  j)laces  flint  clay  at  this  horizon  is  very 
iniimately  mixed  with  sandstone.  As  stated  elsewhere,  flint  clay 
occurs  at  this  horizon  as  far  south  as  northeastern  Kentucky. 

liwokviUe  Clay.  Though  not  generally  recognized  as  a flint  clay 
horizon,  along  Chestnut  Eidge  in  the  south  part  of  the  State  there 
is  below  the  coal  there  correlated  as  Brookville-Clarion,  a fine  bed  of 
flint  clay.  It  was  seen  on  Laurel  Eidge  east  of  Mt.  Braddock,  where 
it  is  from  8 to  10  feet  thick,  and  of  excellent  quality,  also  on  Tucker 
run,  ^^•here  it  is  from  4 to  14  feet  thick,  lying  20  feet  above  the  Potts- 
ville  sandstone. 

Mt.  Savage  Fire  Clay  f Mercer).  The  lowest  fire  clay,  and  one  of 
the  best,  if  not  the  best  in  fhe  State,  occurs  in  the  Mercer  group  of 
coals.  It  has  long  been  worked  at  Mt.  Savage,  IMaryland,  and  the 
clay  from  that  point  has  established  a deservedly  fine  reputation. 
In  Pennsylvania  it  has  probably  been  longest  and  most  extensively 
mined  in  Clearfield  county.  It  was  for  a long  time  mined  on  Sandy 
Eidge  in  Center  couniy,  but  the  works  there  now  are  supplied  from 
near  Burl^^  in  Clearfield  county.  It  is  extensively  worked  at  Wood- 
land and  in  the  region  west  of  Blue  Ball,  around  Burly,  and  be- 
tween Burly  and  Blue  Ball.  It  is  found  Avidely  scattered  all  over 
the  upland  made  by  the  McCartney  anticline  between  Clearfield 
creek  and  the  Penmsylvania  Eailroad  to  the  ea.st,  as  well  as  west 
of  Clearfield  creek.  West  of  Clearfield  syncline  the  coal  is  brought 
up  again,  and  is  mined  in  a large  Avay  west  of  Curwensville,  west  of 
Stronach,  and  at  many  poinfs  up  Anderson  creek  on  both  sides.  It 
also  occurs  in  the  valley  of  fhe  west  branch  of  the  Susquehanna  for 
several  miles  above  Cuiwensville.  As  usual  the  clay  is  irregular, 
sometimes  reaching  a 1 hickness  of  up  to  18  feet,  but  more  often  being 
only  6 feet  or  less.  In  places  the  clay  is  all  flint,  and  in  others  the 
flint  clay  runs  out  altogether.  There  is  usually  some  soft  clay  Avith 
the  hard  clay,  generally  overlying,  but  often  both  above  and  below 
the  hard  e-lay.  Over  the  soft  clay  is  the  Mercer  coal,  which  runs  from 
a few  inches  to  2^  feet.  In  general,  the  analyses  of  these  clays  as 
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obtained  by  McCreath  show  from  44  to  4G  per  cent,  of  silica,  34 
to  39  per  cent,  of  alumina,  1.8  to  3.5  of  iron  oxide,  0 to  2.5  of  titanium 
oxide,  l.OG  to  3.02  of  lime,  .12G  to  .573  of  magnesia,  .830  to  5.75  of 
alkalies,  and  4.885  to  14.170  of  water. 

This  clay  is  mined  at  St.  Charles  and  Climax,  on  Ked  Bank  creek 
in  Clarion  and  Armstrong  counties,  where  analyses  indicate  as  high 
a grade  of  clay  as  in  Clearfield  county.  At  St.  Charles  the  clay  as 
a whole  has  a thickness  of  from  8 to  10  feet,  the  flint  clay  varying 
as  usual  with  the  soft  clay.  At  Climax  the  bed  is  12  feet,  composed 
of  flint  and  soft  clay  in  varying  proportions.  As  a rule  the  flint 
clay  makes  up  about  one-third  of  the  bed.  From  its  position  low 
down  in  the  series  this  horizon  has  a very  limited  outcrop  in  the 
area  under  discussion. 


SHALES. 

Shales,  which  in  some  of  the  states,  as  Indiana,  supply  a large 
part  of  the  argillaceous  material  entering  into  the  state's  oiitput 
of  clay  products,  in  Pennsylvania  play  a very  minor  part.  Except 
in  a few  places  where  they  are  used  for  paving  brick,  the  shales 
are  used  at  relatively  few  plants,  and  then  usually  mixed  with  clay. 
It  is  a matter  of  some  interest,  however,  that  the  type  of  shales  so 
extensively  used  in  the  state  mentioned  appears  to  be  almost  or 
quite  lacking  in  southwestern  Pennsylvania. 

Purely  argillaceous  shales,  or  “clay  shales,”  as  they  are  commonly 
called,  are  seldom  met  with  in  Pennsylvania.  8uch  shales  ax*e 
unctuous  or  greasy  to  the  feel,  imich  as  is  an  ordinary  clay,  and  when 
tested  with  the  teeth  show  no  trace  of  “grit,”  or  free  silica.  Siich 
shales  may  develop  shaly  structure  leather  feebly,  tending  to  weather 
down  from  the  quarry  face,  or  cut,  in  little  blocks  or  irregular  cubes. 
A small  amount  of  sand  in  the  shale  or  in  clay  may  be  an  advantage 
in  preventing  fire  shrinkage.  Difficulty  is  often  experienced  in  ob- 
taining a sandy  shale  in  which  the  sand  constituent  is  small  and 
uniform. 

Most  of  the  coal  measure  shales  of  Pennsylvania  carry  a large 
percentage  of  sand,  so  much  so  that  nearly  all  of  the  shales  are 
described  in  the  field  notes  as  sandy  shales.  Indeed  often  the  sand 
constituent  is  so  large  that  the  term  sand-shale  is  in  very  common  use 
by  geologists  as  well  as  drillers  and  mining  men,  indicating  a rock 
that  is  so  evenly  balanced  between  sand  and  clay  that  it  would  be 
purely  a matter  of  personal  choice  whether  to  call  it  sandy  shale  or 
shaly  sandstone.  The  dilficulty  is  avoided  by  using  the  term  sand- 
shale.  From  this  very  common  medium  a slight  increase  of  sandy 
matter  will  result  in  a shaly  sandstone,  or  a slight  decrease,  in  a 
sandy  shale,  so  that  while  field  notes  show  a constant  shifting  in 
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the  saiue  stratigraphic  interval  from  sandj  shale  to  shaly  sandstone, 
the  actual  difference  is  often  quite  slight.  In  many  cases  the  change 
is  considerable,  fairly  quartzitic  sandstones  changing  over  into  shaly 
sandstones  and  over  into  sandy  shales  in  very  short  distances.  It 
is  jiossible  that  two  other  commercial  factors  have  had  a marked 
effect  on  the  use  of  shale:  the  fact  that  in  Ihe  east  paving  bricks 
are  not  used  as  much  as  in  the  central  states,  their  place  being  taken 
by  asphalt;  and  the  fact  that  the  almost  universal  hilly  nature  of 
Pennsylvania  yields  good  natural  drainage,  so  that  the  demand  for 
drain  tile  is  small.  The  use  of  tile  for  building  in  Pennsylvania 
has  only  a limited  extent.  Drain  tile,  paving  brick  and  building  tile 
are  three  of  the  most  important  products  made  from  shale  in  the 
central  states.  To  what  extent  the  smaller  use  of  paving  brick  and 
building  tile  in  the  east  is  a result  rather  than  a cause  is  difficult 
to  say. 

Judging  by  development  and  use  no  particular  shale  horizon  has 
been  found  especially  suitable  for  the  manufacture  of  clay  products. 
Possibly  certain  parts  of  the  Conemaugh  or  the  lower  parts  of  the 
Allegheny  formation  have  been  used  more  than  others,  though  in 
these  cases  the  position  of  the  clay  in  the  hill  with  reference  to  trans- 
portation may  have  in  a large  measure  determined  the  clay  to  be 
mined.  The  Dunkard  shales  are  reported  in  many  places  of  une 
texture  and  uniform  in  ap])earance.  They  are  being  used  at  Wash- 
ington and  Vance  in  Washington  county  for  the  manufacture  of 
red  brick.  Red  brick  have  also  been  made  from  some  of  the  Monon- 
gahela  shales  in  Westmoreland  and  Fayette  counties,  and  also  from 
shales  in  the  uj)per  part  of  the  Conemaugh  formation. 

The  Lower  Conemaugh  shales,  especially,  in  the  eastern  part  of 
the  coal  fields,  those  in  the  Lower  Mahoning  interval,  are  often  rather 
free  from  sand,  smooth-grained  and  uniform  in  color.  The  shale  in 
the  Buffalo  interval  (Punxsutawney  shales)  are  used  in  the  manufac- 
ture of  paving  brick  at  Punxsutawney.  Shales  from  the  lower  part 
of  the  Conemaugh  are  also  used  at  Johnstown  and  elsewhere. 

As  a rule  the  Allegheny  shales  are  quite- sandy,  but  they  are  used 
in  many  places  in  connection  with  the  clays.  The  shales  are  usually 
found  not  to  yield  good  brick  when  used  alone,  but  to  add  strength 
and  wearing  qualities  when  added  to  the  clay.  In  making  bricks 
'in  'some  cases  a foot  or  two  of  shale  underlying  the  clay  that  is 
being  mined  is  taken.  Sometimes  as  much  shale  as  clay  is  used. 
In  other  cases  a considerable  section  containing  a variety  of  beds 
is  stripped,  being  all  used  together  for  some  imrposes  and  a variety 
of  mixtures  being  used  for  oilier  purposes.  In  Beaver  county  the 
shales  between  the  Darlington  and  Lower  Freeport  coal,  and  be- 
tween the  Kittanning  and  Clarion  coals  have  been  used.  In  the 


Plate  XV.  A.  View  of  Kittanning’  Clay  Manufactui'ing  Company’s  Works  at 
Kittanning, 


Plate  XV.  B.  View  of  Kittanning  Clay  Manufacturing  Company’s  Quarry  at 
Kittanning. 
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Kittanning  quadrangle  the  shales  between  the  Upper  and  Lower 
Freeport  coals  are  used  at  Cowansville  in  connection  with  4 feet 
of  clay,  and  with  the  clay  is  5 feet  of  soft,  plastic,  greenish-gray 
shale  with  12  feet  of  black  shale  below.  At  Kittanning  the  25  feet 
of  shale  over  the  Lower  Kittanning  coal  is  used  to  make  a fine 
vitirified  brick  for  building  fronts,  while  from  the  shales  under  the 
Lower  Kittanning  coal  vitrified  brick,  building  brick,  buff  fire  brick, 
and  sewer  pipe  are  made.  An  analysis  of  one  of  the  shales  at  Kit- 
tanning, according  to  Mr.  McNees  gave  as  follows : silica,  55.17 ; 
alumina,  19.92;  iron  oxide,  12.01;  loss  on  ignition,  6.81.  The  Alle- 
gheny shales  are  extensively  used  in  connection  with  the  clays  at 
Clearfield,  the  clay  and  shale  below  the  Lower  Kittanning  coal  being 
those  u.sed,  and  the  same  shale  is  used  near  New  Bethlehem  in 
Clarion  county. 
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LIMESTONP:  in  western  PENNSYLVANIA. 


BY  R.  W.  STONE. 


GENERAL  STATEMENT. 

According  to  .statistics  collected  by  the  Mineral  Resources  Division 
of  the  IJ.  S.  Geological  Survey,  the  value  of  limestone  quarried  in 
Pennsylvania  in  1900  was  nearly  .|.5,00t),000.  Of  this  amount,  lime- 
stone to  the  value  of  $3,lf58,lSG  was  quarried  for  Ilux.  The  other 


large  items  are. 

For  railroad  ballast $602,128 

For  concrete,  486,682 

For  road-making' 251,200 


Aside  from  the  above  the  most  widespread  use  of  limestone  in 
the  past  has  been  for  fertilizer.  For  generations  the  farmers  have 
burned  it  for  land  dressing,  a practice  which  ])robably  is  more  preva- 
lent ill  Pennsylvania  than  in  any  other  state.  As  shown  by  the 
figures  the  limestone  industry  in  Pennsylvania  is  mainly  dependent 
on  the  iron  industry.  In  addition  it  is  crushed  for  railroad  metal, 
railroad  ballast  and  concrete,  and  for  chemical  purposes,  and  it  is 
dres.sed  for  paving  blocks  and  for  building  stone.  Limestone  is  also 
commonly  burned  for  building  ])laster. 

A mse  for  limestone  of  increasing  importance  in  this  State  is  in 
the  manufacture  of  Portland  cement.  For  this  cement  a limestone 
of  high  grade  is  nece.ssary.  The  magnesium  carbonate  must  be  le.ss 
than  r>  ]>er  cent.,  the  amount  of  calcium  carbonate  should  be  at 
lea.st  75  per  cent.,  and  tlie  ratio  of  silica  to  alumina  ])lns  iron  should 
be  as  5 is  to  2.  However,  as  tliis  ratio  can  usually  be  obtained  by 
mixing  with  other  raw  materials,  it  is  not  necessary  that  tlie  stone 
should  ])ossess  a composition  strictly  within  these  limits.  Suitable 
limestones  are  not  abundant  in  w'estern  Penmsylvania,  but  the  Van- 
])ort  is  almost  universally  low  enough  in  magnesia,  and  the  Ujiper 
Freeport  usually  so.  The  majority  of  the  beds  show  in  some  places 
a .suitable  composition,  but  at  other  localities,  and  often  in  tlie  same 
quarry,  are  entirely  unsuitable.  t)ii  account  of  the  extensive  out- 
cro]>  of  the  Vanpoi-t  limestone  there  is  in  this  region  a wide  field  for 
the  founding  of  Portland  cement  factories. 

The  number  of  limestone  beds  in  western  Pennsylvania  is  consid- 
erable, though  only  a few  of  them  have  the  quality  and  thickness 
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to  make  them  of  value.  Following  is  a table  sliowiug  the  principal 
limestone  beds,  their  stratigraphic  positions  and  maximum  thick- 
nesses. 


LIST  OF  PRINCIPAL  LIMESTONES. 


Formation. 

• 

Name. 

Approximate  Stratigraphic 
Position. 

1 Maximum  thick- 
ness. Feet.  il 

Dunkard  formation,  or  Up- 

Upper  Washington  limestone 

Top  of  Washington  forma- 

3e 

per  Barren  measures. 

(No.  VI). 

tion,  250  to  425  feet  above 

Waynesburg  coal. 

rWaynesburg  limestone 

20  feet  below  Waynesburg 

35 

coal. 

Benwood,  or  Great,  lime- 

stone; 

\Jpper  member  or  Union- 

IS 

Monongahela  formation,  or 

town,  limestone. 

Upper  Productive  meas- 

Lower  member,  

120  feet  above  Pittsburg 

90 

ures. 

coal. 

Fishpot,  or  S’ewickley, 

Over  100  feet  above  Pitts- 

30 

limestone. 

burg  coal. 

Redstone  limestone 

30  to  70  feet  above  Pitts- 

10 

burg  coal. 

''Pittsburg  limestone 

20  feet  below  Pittsburg  coal, 

12 

Conemaugh  formation,  or 

Lower  Barren  measures. 

Elk  Lick  limestone 

] Midway  between  Pittsburg  f 

6 

Ames,  or  Crinoidal,  lime- 

8 

stone. 

j 1 

'Upper  Freeport  limestone,.. 

Below  Upper  Freeport  coal. 

2S 

Low’er  Freeport  limestone,.. 

Below  Lower  Freeport  coal. 

5 

Allegheny  formation,  or 

■ 

Johnstown  limestone 

Below  Upper  Kittanning 

10 

Lower  Productive  meas- 

coal. 

ures. 

Vanport,  or  Ferriferous, 

Below  Lower  Kittanning 

22 

^ limestone. 

coal. 

Pottsville  formation,  

Upper  and  Lower  Mercer 

Betw'een  Homewood  and  and  f 

4 

limestones. 

Connoquenessing  sand-  -j 

3 

stones.  i 

Mauch  Chunk  formation,  .. 

Greenbrier,  or  Mountain, 

40  to  50  feet  above  bottom 

33 

limestone. 

of  Mauch  Chunk. 

r Loyalhanna,  or  Siliceous, 

Upper  portion  of  Pocono 

60 

limestone. 

Pocono  formation 

■ 

7 

county. 

Besides  the  beds  named  in  the  table  there  are  many  thin  and  local 
limestones,  among  which  the  Jollytown,  Little  Pittsburg,  Middle 
Washington,  and  Lower  Washington  have  been  given  names,  but  are 
nowhere  known  to  be  of  much  economic  importance. 

The  thicknesses  given  in  the  table  are  the  maxima  and  will  not 
be  found  over  wide  areas.  Only  three  of  the  'beds  average  over  20 
feet.  Color  and  texture  vary  through  wide  limits,  from  nearly  black 
to  light  gray  or  white,  and  from  hard  and  compact  to  fossiliferous 
and  shaly.  In  composition  the  range  is  from  .slightly  calcareous 
sediments  to  limestone  containing  96  per  cent,  of  calcium  carbonate. 
IMagnesium  carbonate  is  always  present,  in  some  cases  amounting  to 
less  than  1 per  cent,  and  in  others  exceeding  30  per  cent.  Alumina 
and  oxide  of  iron  may  be  present  in  any  amount  below  8 per  cent. 
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Extreme  variation,  both  in  composition  and  texture,  may  be  found 
in  the  same  bed. 

The  following  paragraphs  are  brief  notes  concerning  the  various 
bed.s  of  limestone  outcroi)ping  in  Pennsylvania.  For  further  data 
reference  should  be  made  to  the  reports  of  the  Second  Geological 
Survey  of  Pennsylvania  and  to  a paper  entitled  “Limestones  of  South- 
western  Pennsylvania,”  by  F.  G.  Clapp,*  from  which  these  state- 
ments are  largely  compiled. 

Benezette  Limestone.  At  a few  points  in  Allegheny  county  a triple 
bed  of  limestone  supposed  to  be  of  Pocono  age  has  been  found  about 
1100  feet  below  the  Glean  conglomerate.  The  upper  bed  probabl}^ 
has  a thickness  of  not  over  7 feet,  and  the  others  are  considerably 
thinner.  The  lower  bed,  when  burned,  is  said  to  make  excellent  fer- 
tilizer. Analyses  of  samiiles  taken  from  the  upper  and  middle  beds 
one  mile  west  of  the  village  of  Benezette,  show  less  than  2 per  cent, 
of  magnesium  carbonate,  but  the  proportion  of  siliceous  matter  to 
calcium  carbonate  in  the  upper  bed  is  as  5 to  3.7,  while  in  the  middle 
bed  it  is  as  1 is  to  5. 

Loyallianna  Limestone.  The  Loyalhanna  limestone,  which  is  the 
Siliceous  limestone  of  the  Pennsylvania  Survey  reports,  shows  in 
outcrop  only  where  Chestnut  Ridge  has  been  cut  through  by  the 
westward-flowing  streams — Conemaugh  river,  Loyalhanna  creek  and 
Youghiogheny  river.  It  is  a fine-grained  rock  having  a blue  color, 
flint-like  fracture,  and  no  true  cleavage.  On  its  fresh  surface  it 
shows  no  signs  of  bedding,  but  where  exposed  for  .some  time  takes 
on  a dull  brown  color  and  shows  a peculiar  cross-bedding.  The 
weathered  surface  is  very  characteristic,  being  rough  and  pitted,  and 
unlike  any  other  rock  in  the  region.  This  feature  is  well  illus- 
trated by  the  photograph,  PI.  XVI  B.  The  large  proportion  of  silica 
in  the  rock  gives  it  the  general  appearance  of  a sandstone  rather 
than  of  limestone. 

The  Loyalhanna  limestone  is  of  greate.st  importance  northward, 
being  on  Conemaugh  river  between  40  and  50  feet  in  both  gaps.  A 
similar  thickness  prevails  in  the  Loyalhanna  and  Youghiogheny  gaps, 
but  southward  the  rock  becomes  thinner,  being  only  about  18  feet 
thick  on  the  National  Pike  and  barely  4 feet  near  the  State  line. 
On  Cheat  river.  West  Virginia,  it  has  wholly  disappeared. 

The  limestone  often  occurs  in  two  benches,  separated  by  .shale  and 
sandstone.  At  a number  of  points  it  has  been  quarried  for  paving 
blocks  and  crushed  for  railroad  ballast.  Large  crushing  plants  have 
been  established  on  Conemaugh  river  above  Blairsville,  in  the  Loy- 
nlhanna  gap  above  Latrobe,  and  in  the  Youghiogheny  gap  above 
Connellsville.  This  bed  is  well  shoYm  along  the  Penn.sylvania  Eail- 


*U.  S.  Geol.  Surv.  Bull.  248  , 52  pp,  1905. 


Plate  XVI.  A. — Loyalhanna  limestone  resting  on  sandstone  of  the 
Pocono  formation,  Allegrippus,  Blair  county,  Pa.  (Photograph  l>y  Chas. 
Butts.) 


Plate  XVI.  B. — Weathered  surface  of  the  Loyalhanna  limestone  at  the 
“Viaduct,”  1 mile  east  of  Mineral  Point,  Cambria  county.  Pa.  (Photo- 
graph by  M.  R.  Campbell.) 
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road,  wherever  its  horizon  is  exposed,  at  points  from  Blairsville  to 
the  Allegheny  Front,  above  Altoona.  It  is  easily  identified  by  its 
peculiar  weathering,  as  mentioned  above.  This  is  well  shown  at 
Allegrippus,  just  above  the  Horseshoe  Curve  (PI.  XVI  A),  and  where 
Laurel  Hill  and  Chestnut  Ridge  are  cut  by  the  Conemaugh  west  of 
Johnstown.  Near  the  last-named  place  it  is  quarried  extensively 
and  crushed  for  railroad  balla.st.  PI.  XVI  B,  which  shows  the  weath- 
ering peculiarities,  is  reproduced  from  a photograxdi  taken  at  the 
“Viaduct,”  one  mile  east  of  (Mineral  Point,  Cambria  county. 

Greenliricr  Limestone.  The  Mountain  limestone  of  the  Second 
Geological  Survey  reports  is  the  thin  edge  of  a widespread  deposit 
known  as  the  Greenbrier  in  Virginia.  It  occurs  in  the  Mauch  Chunk 
formation,  and  it  is  known  now  in  Pennsylvania  as  the  Greenbrier 
limestone.  Its  greatest  development  in  this  State  is  along  the  south- 
ern boundary,  where  it  attains  a thickness  of  about  40  feet.  Along 
Chestnut  Ridge  and  Laurel  Hill  it  outcrops  about  50  feet  above  the 
Loyalhanna  limestone.  The  Greenbrier  is  somewhat  variable  in  char- 
acter, the  greater  part  of  it  being  composed  of  thin  beds  of  pure 
blue  limestone,  which  often  grade  into  shaly  limestone  and  calcareous 
shale.  In  jilaces  it  is  very  fossiliferous.  Its  jirincipal  use  is  in  burn- 
ing for  fertilizer,  for  which  purpo.se  it  is  said  to  yield  a lime  of 
superior  quality.  Formerly  it  was  used  as  a flux  in  iron  smelting. 

Mercer  Limestone.  Between  the  Homewood  and  Connoquenessing 
sandstones  there  are  found  somewhat  infrequently  two  beds  of  lime- 
stone known  as  the  Mercer  or  Tionesta.  Their  thickness  does  not 
exceed  4 feet,  and  their  appearance  is  coarse-grained  and  sandy. 
They  are  very  hard  and  tough,  bluish  gray,  and  an  analysis  of  a speci- 
men from  Kelly’s  quarry,  4 miles  east  of  Tiouesta,  Forest  county, 
showed  little  over  1 jier  cent,  of  magnesium  carbonate.  The  amount 
of  calcium  carbonate,  however,  was  only  40  per  cent.  This  limestone, 
like  the  Mercer  coal,  is  unimportant. 

Tanport  Limestone.  Universally  known  throughout  western  Penn- 
sylvania as  the  Ferriferous  limestone,  because  the  buhr-stone  ore 
rests  on  its  uiiper  surface,  the  name  of  the  bed  has  been  changed  in 
recent  reports  to  Vanport  limestone,  after  a locality  Avhere  it  is 
quarried  extensively.  The  Vanport  is  a bluish  gi’ay  limestone  of  a 
good  degree  of  purity,  cariwing  geuerally  over  90  j>er  cent,  carlionate 
of  lime.  Its  numerous  fossils  .show  that  it  is  of  marine  origin.  It 
is  the  thicke.st,  purest,  most  persistent  and  most  massive  limestone 
in  the  Beaver  and  Allegheny  Valleys.  Quite  uniformly  over  a con- 
siderable area  it  is  8 feet  thick,  but  at  West  Winfield,  Butler  county, 
it  measures  22  feet.  The  outcrop  of  the  'N'anport  limestone  in  western 
Pennsylvania  is  shown  on  the  accompanying  maps  (PI.  XVII  and 
XVIII). 
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A view  of  a Van])ort  limestone  quarry  at  New  Castle,  Pennsylvania, 
is  shown  in  PI.  XIX. 

The  section  in  Tygart’s  quarry  at  Vanj)ort  is  particularly  thick 
and  shows  a color  division. 

SECTION  OF  VANPORT  LIMESTONE  AT  VANPORT,  PA. 

Feet. 


Gay  limestone,  ; 7 

Shale 1 

Gray  limestone,  5 

Blue  limestone 5 


Total 18 


The  division  of  the  limestone  into  the  gray  upjter  portion  and 
blue  lower  portion  is  usually  ivell  marked  throughout  the  Beaver 
region. 

Over  the  greater  part  of  Beaver  county  the  Vanport  is  deeply 
buried,  but  it  outcrops  along  Ohio  river.  It  has  a thickness  of  18 
feet  at  Vanport,  its  t,ype  locality,  16  feet  at  Industry,  8 feet  at  Mer- 
rill, and  10  feet  at  Fallston,  on  Beaver  river;  elsewhere  where  ob- 
served it  is  less  than  5 feet  thick,  usually  less  than  1 foot,  and  is 
sometimes  entirely  absent. 

The  upper  of  the  two  beds  is  now  burned  extensively  at  Vanport 
for  lime,  which  is  of  high  quality  and  excellent  as  a flux  for  iron, 
for  which  purpose  it  was  once  shipped  extensively  to  Pittsburg. 
The  lower  bed  is  usually  rejected,  but  there  is  no  reason  why  this 
j)ortion  should  not  be  suitable  for  ihe  same  puiq)ose.  At  the  time 
of  the  construction  of  Ihe  Erie  and  Pittsburg  canal  the  limestone 
was  used  in  manufacturing  natural  cement  for  the  locks. 

In  Armstrong  county  it  rises  above  the  river  at  Kittanning  and 
is  quarried  there  by  the  Kittanniug  Clay  IManufacturing  Company, 
see  plate  XIX.  It  is  also  quarried  at  Mahoning  and  West  Win- 
field. In  Indiana  county  it  outcrops  on  Mahoning  creek  with  a 
thickness  of  4 feet.  Over  three-fourths  of  Jefferson  county  the  bed 
has  extensive  outcrops  with  a maximum  thickness  of  4 to  6 feet, 
Imt  dies  out  to  the  southeast  and  is  unknown  in  Clearfield  county. 
This  bed  averages  about  8 feet  in  Clarion  county,  and  occasionally 
runs  as  high  as  15  feet,  and  is  extensively  exposed. 

The  Van])ort  limestone  is  the  only  bed  in  Avestern  Pennsylvania 
Avhich  almost  universally  contains  less  than  2 per  cent,  of  magnesium 
carbonate.  The  siliceous  matter  likewise  is  usually  A^ery  loA\q  while 
the  proportion  of  calcium  carbonate  is  high,  running  between  86  and 
96  per  cent.  The  stone  is  used  for  ballast,  flux,  road  metal  and  fer- 
tilizer, and  also  for  the  manufacture  of  Portland  cement. 


Plate  XIX.  Vanport  limestone  quarry  at  Newcastle,  Pa.  (Photo- 
graph by  M.  R.  Campbell.) 
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Johnstown  Limestone.  An  impure  limestone  occurring  directly 
beneath  the  Upper  Kittauniug  coal  and  fire  clay,  and  known  as  the 
Johnstown,  has  been  observed  at  widespread  localities  in  the  western 
part  of  the  State,  but  is  not  snpiiosed  to  be  persistent,  as  it  is  fre- 
quently known  to  give  way  to  ore-bearing  shale,  and  in  places  to 
be  absent.  At  the  type  locality  at  Johnstown  it  has  been  used  for 
natural  cement,  but  the  composition  is  very  irregular  and  at  many 
points  the  cementing  qualities  are  lacking.  The  limestone  may  be 
described  as  hard  and  brittle,  bluish  gray,  sometimes  showing  con- 
siderable p3'rites,  and  emitting  a strong  argillaceous  odor  when 
breathed  upon.  The  calcium  carbonate  in  this  rock  varies  between 
34  and  92  per  cent.,  and  the  magnesium  carbonate  from  1.4  to  21 
per  cent.  In  Jefferson  county  it  is  nearly  always  present,  but  is  of 
an  impure,  ferruginous  nature.  In  northern  Indiana,  Armstrong, 
Clarion,  Butler  and  Elk  counties  it  is  probably  only  locally  present 
and  always  thin.  The  maximum  thickness,  10  feet,  is  reported  on 
Black  Lick  creek. 

Lower  Freeport  Limestone.  The  Lower  Freeport  limestone,  named 
from  the  coal  below  which  it  occurs,  is  almost  the  exact  counterpart 
of  the  Johnstown  limestone  in  chemical  composition  and  appearance. 
It  is  not  persistent,  occurring  in  lenses,  is  not  known  to  have  a 
greater  thickness  than  5 feet,  and  is  variable  in  quality.  Analyses 
show  from  2 to  21  per  cent,  of  siliceous  matter,  G9  to  nearly  93  per 
cent,  of  calcium  carbonate  and  1.37  to  9.30  per  cent,  of  magnesium 
carbonate. 

Upper  Freeport  Limestone.  Although  probably  not  persistent  over 
large  areas,  this  bed  is  of  considerably  greater  importance  than  the 
preceding  one.  It  is  known  to  be  present  at  a great  number  of 
points  throughout  the  Allegheny  Valley.  Usually  it  is  less  than 
6 feet,  but  occasionally  swells  to  much  greater  thickness,  as  in  the 
ravine  at  Fort  Run,  near  Manorville,  in  Armstrong  county,  where, 
with  its  inter-stratified  beds,  it  is  nearly  28  feet  thick  and  has  been 
extensively  quarried  by  A.  J.  Dull  & Co. 

Between  Manorville  and  Kellys  Station,  in  the  vicinity  of  Logans- 
port,  the  stone  has  been  quarried  extensively  in  the  past  for  use  as 
a flux,  for  which  it  is  well  .suited.  It  is  also  believed  to  be  suitable 
for  use  in  manufacturing  Portland  cement.  The  bed  at  Mahaffey’s 
quarry,  Logansport,  is  over  12  feet  thick.  In  Beaver  Valley  it  some- 
times appears  only  as  nodules,  is  nearly  everywhere  very  thin,  and 
is  absent  over  large  areas.  In  Elk  and  Clarion  counties  the  lime- 
stone is  not  well  known ; it  is  occasionally  reported  in  Jefferson 
county. 

In  Indiana  county  a thickness  of  10  feet  is  reported  at  Groft 
Brothers’  quarry  near  Chambersville,  where  it  has  been  worked  in 
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the  past;  at  Goods  Mill  on  Little  Mahoning  creek;  at  the  Dick  farm 
on  Two  Lick  creek,  and  possibly  at  several  other  localities.  Usually, 
however,  the  thickness  is  considerably  less  than  10  feet. 

One  of  the  greatest  known  thicknesses  of  the  Upper  Freepoi’t  lime- 
stone is  at  the  east  end  of  the  west-bound  tunnel  of  the  Pennsylvania 
Eailroad  at  Gallitzin,  where  the  bed,  with  a few  thin  shale  partings, 
measures  18  feet  8 inches. 

It  may  be  said  for  the  Upper  Freeport  limestone  that,  while  of 
very  irregular  occurrence,  it  is  frequently  of  workable  thickness, 
and  nearly  always  contains  a fairly  high  percentage  of  lime,  low 
percentage  of  magnesia  and  low  percentage  of  phosphorus,  rendering 
the  product  suitable  for  Portland  cement,  flux  or  fertilizer. 

Ames  Limestone.  There  are  several  limestones  in  the  Conemaugh 
formation,  but  all  are  thin  and  of  little  or  no  value.  The  most  per- 
sistent bed  is  the  Ames  limestone  (Crinoidal),  an  impure  and  very 
fossiliferous  bed  averaging  280  feet  below  the  Pittsburg  coal.  The 
rock  is  often  entirely  composed  of  crinoid  stems  and  spines  and 
other  fossils  closely  packed  together,  forming  a limestone  unlike 
any  other  carboniferous  bed.  This  bed,  on  account  of  its  dark-bluish- 
gray  or  greenish-gray  color  and  peculiar  fossiliferous  appearance, 
is  an  excellent  reference  datum  over  wide  areas.  It  is,  however,  of 
no  economic  value,  being  difficult  to  burn,  and  is  seldom  used  even 
for  fertilizer.  In  thickness  the  bed  ranges  up  to  about  6 feet,  and 
is  occasionally  double. 

The  Elk  Lick  is  another  unimportant  bed  in  the  middle  of  the 
Lower  Barren  Measures. 

PittsTnirg  Limestone.  One  or  more  beds  of  limestone  of  no  great 
importance  occur  10  to  20  feet  below  the  Pittsburg  coal.  They  are 
usually  compact  and  brittle,  bluish-gray,  and  have  an  irregular  frac- 
ture. Some  analyses  show  less  than  3 per  cent,  magnesium  car- 
bonate. They  have  been  burned  extensively  by  farmers  throughout 
the  area  in  which  the  Pittsburg  coal  outcrops  for  use  as  fertilizer, 
and  also  for  building  plaster.  In  some  places  where  handily  located, 
tliey  are  crushed  for  road  metal.  They  are  being  largely  used  for 
this  purpose  in  the  vicinity  of  Pittsburg. 

Redstone  Limestone.  This  is  a hard,  gray,  crystalline  limestone 
of  some  value,  occurring  below  the  Redstone  coal  and  30  to  70 
feet  above  the  Pittsburg  coal.  Its  principal  occurrence  is  in  the 
Connellsville  basin,  where  it  is  rather  persistent.  On  Redstone  creek 
and  in  the  territory  between  this  stream  and  Allegheny  river  it 
is  of  fair  thickness  and  excellent  quality,  and  throughout  Fayette 
county  has  been  quarried  extensively  in  the  past  for  fluxing  purposes 
to  the  exclusion  of  all  other  limestones.  Throughout  the  greater  part 
of  the  Monongahela  Valley  it  is  usually  absent  or  very  impure. 
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An  analysis  of  the  stone  from  the  quarry  at  Lemont  furnace  indi- 
cates that  if  the  composition  given  is  characteristic  of  the  bed,  the 
percentage  of  magnesia  is  too  great  to  allow  of  its  having  any 
value  for  Portland  cement. 

Fishpot  Limestone.  The  Sewickley  limestone  underlies  the  coal 
of  that  name  at  a distance  of  about  15  feet  and  is  best  known  in 
the  Connellsville  basin.  Toward  the  south  it  is  thin  and  of  inferior 
quality,  improving  northward,  but  always  of  irregular  occurrence. 
The  greatest  thicknesses  reported  are  from  30  to  35  feet,  in  the 
vicinity  of  Greenfield,  on  Monongahela  river;  on  Eedstone  creek, 
in  Fayette  county,  where  it  is  the  chief  source  of  lime  for  agricultural 
purposes;  and  at  Brownsville.  Generally  it  runs  too  high  in  silica 
for  use  as  a flux.  The  stone  at  Oliphant  furnace,  in  Georges  town- 
ship, Fayette  county,  has  nearly  11  per  cent,  siliceous  material,  over 
80  per  cent,  calcium  carbonate,  and  2.2  per  cent,  magnesium  car- 
bonate. 

Benwood  Limestone.  The  Benwood  is  the  most  important  lime- 
stone in  the  Monongahela  Valley.  It  is  a double  limestone,  occur- 
ring about  120  feet  above  the  Pittsburg  coal.  The  upper  member, 
or  Uniontown  limestone,  is  usually  G to  15  feet  thick,  often  impure 
and  of  a buff  color,  and  is  said  to  be  a good  natural  cement  rock. 

The  lower  member  is  much  more  persistent  than  the  Uniontown 
bed.  It  varies  in  character  from  a hard  and  pure  to  a very  shaly 
limestone,  averaging  above  50  feet.  The  maximum  thickness  is 
reached  along  Monongahela  river,  where  it  is  sometimes  as  much  as 
90  feet.  Toward  the  north  it  diminishes  in  thickness,  and,  where 
it  is  exposed  along  the  Pennsylvania  Railroad,  varies  between  7 
and  28  feet.  The  rock  is  often  siliceous  or  argillaceous  and  some- 
times ferruginous.  The  bottom  is  said  to  be  generally  the  more 
magnesian,  although  all  portions  are  extremely  high  in  magnesia, 
and  it  is  nowhere  known  to  be  suitable  for  Portland  cement.  In 
Washington  county  the  stone  was  considerably  used  in  early  days 
in  the  manufacture  of  natural  cement.  The  northernmost  outcrop 
is  near  Elders  Ridge,  where  it  caps  several  rounded  knobs. 

Wayneshurg  Limestone.  The  Waynesburg  limestone,  which  is  a 
rock  of  good  quality,  occurs  a few  feet  below  the  Waynesburg  coal. 
It  is  usually  from  4 to  20  feet  in  thickness,  and  is  accessible  through- 
out Fayette,  Westmoreland,  eastern  Greene  and  southeastern  Wash- 
ington counties.  It  makes  a strong,  dark  lime. 

Upper  Washington  Limestone.  Limestone  beds  are  abundant  in 
the  Dunkard  formation  in  southwestern  Pennsylvania.  The  prin- 
cipal one  is  the  Upper  Washington,  which  occurs  at  a distance  vary- 
ing from  250  to  425  feet  above  the  Waynesburg  coal,  and  is  widely 
distributed  in  Washington  and  Greene  counties.  Its  weathered  sur- 
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face  LS  very  wliite  in  conij)arison  with  other  rocks  in  this  region, 
but  on  fresh  fracture  tiie  rock  is  bluish-black  or  gray.  It  varies 
from  4 to  20  feet  thick,  and  has  been  quarried  near  Washington,  Pa. 
Locally,  it  has  been  burned  for  fertilizer,  and  anal3'ses  suggest  that 
it  iniglit  make  fair  cement. 
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SANDSTONES  OF  SOUTHWESTERN  PENNSYLVANIA. 


By  R.  W.  STONE. 

The  Coal  Measures  area  of  southwestern  Pennsylvania  as  a rule 
does  not  contain  any  high  grade  building  stone,  though  it  is  true 
that  some  of  this  stone  has  i been  locally  used  for  the  construction 
of  churches,  school-houses  and  other  buildings.  On  the  other  hand 
there  is  an  abundance  of  sandstone  highly  suitable  for  all  the  pur- 
poses of  rough  masonry,  such  as  bridge  abutments  and  structural 
work  of  that  type. 

The  value  of  sandstone  produced  in  Pennsylvania  for  structural 
purposes  for  1906  is  as  follows,  according  to  the  statistics  of  the 
Division  of  Mineral  Re.sources  of  the  U.  S.  Geological  Survey: 

VALUE  OF  SANDSTONE  PRODUCED  IN  PENNSYLVANIA,  1906. 


Rough  building $510,299 

Dressed  building 835,841 

Road  making 34,000 

Railroad  ballast 108,391 

Concrete 103,120 

Ganister,  196,804 

Riprap 66,626 

Rubble 152,971 

Paving 112,456 

Flagging 277,623 

Curbing,  305,470 

Other  uses 21,273 


Total $2,724,854 


This  of  course  includes  the  whole  State.  How  much  of  the  :ibove 
amounts  come  from  the  area  here  studied  is  not  given.  As  a State, 
Pennsylvania  stands  first  in  tlie  production  of  sandstone.  The  above 
table,  as  will  be  noticed,  does  not  include  sand  for  the  manufacture 
of  glass  or  other  similar  puriioses,  of  which  Pennsylvania  produces 
a large  amount. 

The  carboniferous  rocks  west  of  the  Allegheny  Front  contain 
12  beds  of  sandstone,  which,  locally,  are  of  some  little  value.  They 
are  mainly  gray  and  buff:'  in  color,  iron-stained  in  spots  or  along 
joints,  and  vary  from  soft  and  loose  in  texture  to  hard  and  com- 
pact. Many  of  the  sandstones  are  soft  when  freshly  quarried,  but 
harden  on  the  surface  on  exposure.  Although  for  the  most  part 
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fairly  persistent  in  occurrence,  they  all  vary  greatly  in  thickness, 
as  has  been  pointed  out  in  Stratigraphy,  and  in  places  are  absent 
or  give  way  to  shale.  The  more  conspicuous  beds  of  sandstone 
above  the  Mauch  Chunk  formation  are : Connoquenessing  and  Home- 
wood  in  the  Pottsvilie  formation;  Clarion,  Kittanning,  Freeport 
and  Butler  in  the  Allegheny  formation;  Mahoning,  Buffalo,  Salts- 
burg,  Morgantown  and  Connellsville  in  the  Conemaugh  formation; 
Pittsburg  in  the  Monongahela  formation;  and  Waynesburg  in  the 
Dunkard  formation. 

Pottsvilie  Sandstones.  Connoquenessing  and  Homewood  sandstones 
outcrop  along  the  Allegheny  Front,  and  in  the  area  here  mapped 
they  appear  abundantly  across  the  center  of  the  Houtzdale  quad- 
rangle and  in  the  northeast  corner  of  the  Curwensville  quadrangle, 
and  in  the  northern  part  of  the  Clarion  quadrangle.  In  the  Kittan- 
ning and  Rural  Valley  quadrangles  they  appear  along  Allegheny 
river  above  Kittanning,  and  on  Redbank  and  Mahoning  creeks.  They 
are  brought  up  along  Chestnut  Ridge  and  Laurel  Ridge.  In  the 
New  Castle  quadrangle  they  outcrop  along  Beaver  river  and  Conno- 
quenessing creek.  In  nearly  all  of  the  areas  they  offer  an  abundance 
of  stone  for  rough  masonry  work.  They  are  coarse  grained,  gray  or 
white,  often  highly  siliceous,  and  thick-bedded.  In  places  the  mas- 
sive character  gives  way  to  thin  bedded  or  shaly.  The  Connoque- 
nessing sandstones  average  about  40  feet  thick  each  and  in  places 
fill  most  of  the  interval  between  the  Pocono  and  the  lowest  of  the 
Mercer  coals.  That  they  often  run  thin  or  are  replaced  by  shale 
is  well  shown  in  PI.  VII.  The  usual  thickness  of  the  Homewood, 
which  lies  about  50  to  100  feet  below  the  Vanport  limestone,  also  is 
about  40  feet,  often  becoming  too  thin  to  quarry,  and  in  places 
reaching  G5  feet  or  more.  In  Beaver  and  Lawrence  counties  the 
Pottsvilie  sandstones  have  been  extensively  quarried  on  both  sides 
of  Beaver  river.  The  Homewood  is  usually  massive,  coarse-grained, 
or  conglomeratic,  composed  of  rounded  quartz  grains  cemented  with 
silica  and  iron,  with,  locally,  white  pebbles  up  to  one-fourth  inch 
in  diameter.  It  is  of  gray  to  yellow  color,  measuring  from  10  to 
GO  feet  in  thickness,  with  an  average  of  30  feet.  The  stratum  is 

A 

characteristically  irregular  in  lithologic  character  and  thickness.  It 
is  a cliff-making  bed.  Along  Connoquenessing  creek  and  where  ex- 
posures appear  east  of  Beaver  river  between  Chewton  and  New  Castle, 
its  horizon  is  filled  with  shale.  As  a rule  only  about  20  feet  are 
quarried  as  the  upper  part  of  the  bed  often  inclines  to  be  shaly. 
It  is  very  typically  and  well  exposed  in  the  large  quarry  at  Home- 
wood. 

The  Upper  Connoquenessing  sandstone  in  this  district  affords 
dimension  stone  of  good  size  and  quality  and  when  crushed  also 


A.  General  view  of  the  quarry  of  the  Conemaugh  Stone  Company 
northwest  of  Curwensville. 


B.  Corner  in  quarry  of  Roaring  Run  Stone  Company,  showing  face, 
stripping,  etc.  North  of  Curwensville. 


Plate  XX.  Views  iliustrating  the  sandstone  quarrying  industry  in 
Pennsylvania. 
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makes  engine  sand  and  possibly  glass  sand.  It  measures  up  to  GO 
feet  in  quarry  faces  and  is  a hard,  massive,  thick-bedded  stone  com- 
posed of  angular  quartz  grains  of  medium  size  cemented  together 
with  silica.  Locally  it  is  irregularly  bedded  or  cross  bedded  and 
contains  fragments  of  fossilized  tree-trunks.  The  rock  is  notably 
free  from  iron  and  is  usually  white  or  gray  in  color,  though  in  places 
tinged  with  yellow. 

The  Pottsville  sandstones  are  extensively  quarried  in  the  north- 
eastern part  of  the  Curwensville  quadrangle  to  the  north  of  Cur- 
wensville.  In  that  region  the  Homewood  is  a massive  cliff-making 
sandstone,  often  or  usually  being  without  bedding  planes  for  a 
thickness  of  40  feet  or  more.  The  stone  when  fresh  is  creamy  or 
gray  in  color,  except  as  it  is  colored  by  iron.  The  stone  shows  along 
the  west  bank  of  Susquehanna  river  for  some  miles  above  Curwens- 
ville. It  is  in  better  condition  for  quarrying  on  Anderson  creek 
and  to  the  north,  where  it  forms  a protecting  cap  over  all  of  the 
hills,  and  over  much  of  the  country  makes  a bold  outcropping  cliff 
along  the  hilltops.  At  one  place  northwest  of  Curwensville  it  pro- 
duces a notable  “rock  city.”  The  Homewood  is  60  feet  thick  near 
Madera  in  southeastern  Clearfield  county,  where  brought  up  by  the 
McCartney  anticline,  and  is  quarried  to  a small  extent.  The  Home- 
wood  is  also  quarried  and  crushed  for  glass  sand  at  Derry,  Pa. 

Allegheny  Sandstones.  The  rocks  of  the  Allegheny  formation  occur 
in  abundance  throughout  western  Pennsylvania,  except  in  the  south- 
western counties.  Sandstones  in  this  formation  which  in  place  are 
massive  elsewhere  are  thin  and  irregular  bedded  or  shaly.  Irregular 
bedding  renders  them  unsatisfactory  for  working.  Although  dimen 
sion  stone  of  good  quality  is  not  common,  stone  for  rough  masonry 
is  abundant. 

The  Clarion  sandstone  has  a thickness  ranging  up  to  40  feet  and 
is  found  20  or  more  feet  below  the  Vanport  limestone.  It  is  quar- 
ried above  Lloydell,  where  it  is  favorably  located  for  working  and 
shipping.  Great  quantities  are  in  sight  in  rhis  locality.  The  Clarion 
sandstone  becomes  massive,  coarse  grained  and  conglomeratic  over 
quite  an  area  in  western  Clearfield  county  around  Mahaffey  and 
McGees.  It  is  quarried  at  McGees  and  Chest  Falls  for  dimension 
stone."  It  is  also  ground  for  sand  for  cement  making.  In  most  of 
the  quarries  only  about  20  feet  of  the  rock  are  taken,  though  in  the 
railroad  cut  at  McGees  the  sandstone  shows  a thickness  of  G.5  feet. 
This  sandstone  is  also  quarried  a little  on  Thompson  run  in  Beaver 
county.  In  general  the  Clarion  sandstone  is  not  as  thick-bedded 
and  massive  as  the  Homewood. 

The  Kittanning  sandstone  occurs  locally  between  the  Vanport 
limestone  and  Lower  Kittanning  coal.  It  is  especially  prominent 
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as  a ledge  2U  feet  thick  along  the  west  side  of  the  Allegheny  from 
opposite  Ewing  to  above  Mosgrove. 

The  Ereeport  sandstone  lies  between  the  Upper  Kittanning  and 
Lower  Freeport  coals.  It  is  a persistent  stratum,  but  varies  from 
massive,  and  in  places  conglomeratic,  to  llaggy  and  fine-grained. 
The  thickness  ranges  up  to  50  feet.  It  has  been  quarried  at  Industry, 
on  Ohio  river,  for  railroad  construction.  As  given  in  the  section 
under  Stratigraphy,  the  Freei>ort  reaches  a thickness  of  70  feet  of 
coarse-grained  sandstone  in  the  Allegheny  river.  Usually,  however, 
it  is  not  well  situated  for  quarrying. 

The  Butler  sandstone,  for  the  most  part  coarse  and  heavy-bedded, 
is  in  places  flaggy  and  unsuited  for  dimension  stone.  Its  position 
is  between  the  Upper  and  Lower  Freeport  coals.  Kear  Beaver, 
where  this  sandstone  is  a compact,  coarse,  fair  building  material, 
it  was  quarried  at  a number  of  ])oints  many  years  ago. 

Coneinaugh  Sandstones.  The  lowest  members  of  the  Coneniaugh 
formation  are  the  Mahoning  sandstones,  which  rest  on  the  Upjier 
Freeport  coal.  They  vary  from  medium-grained,  llaggy,  or  even  shaly, 
to  coarse  and  thick-bedded  sandstones,  and  run  from  10  to  40  feet 
fhick.  In  places  they  carry  small  quartz  pebbles  and  are  slightly 
conglomeratic.  This  stone  is  quarried  by  the  Kiskiminetas  Quar- 
ries Company  north  of  Tenueltou.  The  output  is  large-sized  blocks 
for  rough  Avork,  adapted  for  piers,  abutments  and  retaining  walls. 
On  the  west  side  of  the  river  opposite  Ford  City  the  jMahouiug  is 
quarried  and  reduced  to  sand  for  grinding  plate  glass  at  Ford  City. 

In  Beaver  county  the  Lower  Mahoning  sandstone  has  been  exten- 
sively quarried  at  the  head  of  Thompson  run,  east  and  southeast 
of  New  Galilee,  one  mile  and  one-half  mile  nortlnvest  of  Cannelton. 
The  Up])er  IMahoning  has  been  quarried  on  a small  scale  near  Glen 
Campbell,  in  Indiana  county.  The  Lower  Mahoning  is  quarried  near 
Janesville  in  Clearfield  county. 

The  Buffalo  and  Saltsburg  sandstones  are  the  next  vassive  mem- 
bers above  Ihe  IMahoning  and  are  almost  its  counterpart.  They  are 
conspicuous  in  the  vicinitj^  of  Saltsburg,  making  precipitous  high 
ledges  along  the  Kiskiminetas  rii'er  as  a single  massive  sandstone. 
This  stone  is  quarried  extensively  on  the  hills  southwest  of  West 
Winfield. 

The  ])Osition  of  the  Morgantown  sandstone  is  about  200  feet  below 
fhe  Pittsburg  coal.  Although  in  places  it  is  a clean,  gray,  massive 
rock,  from  which  a fair  (piality  of  small  dimension  stone  could  bt 
obtained,  these  characteristics  are  not  persistent,  and  the  change 
in  other  localities  to  thin-bedded  or  shaly  rock  makes  it  useless. 

The  Connellsville  sandstone,  Avhen  present,  is  found  about  40  feet 
below  the  Pittsburg  coal.  It  is  a coarse  sandstone,  named  from  the 


Plate  XXI.  View  of  Canoe  Furnace,  a relic  of  the  iron  industry  in 
Pennsylvania  in  its  early  days. 
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city  where  it  outcrops  conspicuously.  It  is  usually  30  I'eet  thick, 
and  iu  its  massive  condition  is  a grayish,  quartzose  sandstone,  some- 
times iron-stained,  and  in  no  way  different  from  other  sandstones 
in  the  formation. 

Monongaliela  Sandstones.  Directly  above  the  Pittsburg  coal  is 
the  Pittsburg  sandstone,  a stratum  which  is  variable  both  in  thick- 
ness and  character,  like  all  the  members  of  the  carboniferous  for- 
mation. Its  character  generally  is  massive,  but  in  places  it  is  current- 
bedded  and  suited  for  flagging.  Elsewhere  it  is  found  to  be  soft  and 
shaly  and  would  not  be  recognized  but  for  its  position. 

In  the  remainder  of  the  IMonongahela  formation  thin  sandstones 
are  abundant,  and  locally  may  be  sufficiently  massive  to  yield  rough 
building  material. 

Dunkard  Sandstones.  The  Waynesburg  sandstone,  at  the  base  of 
the  Dunkard  formation  and  overlying  the  tYaynesburg  coal,  is  con- 
fined in  its  distribution  almost  exclusively  to  Washington,  Greene, 
Fayette  and  Westmoreland  counties.  It  varies  from  10  to  40  feet 
in  thickness  and  in  its  best  development  is  coarse  and  massive  and 
inclined  to  be  friable  when  weathered.  In  places  it  contains  a few 
small  pebbles,  and  in  the  Latrobe  syncline  is  very  coarse^  while  in 
the  Uniontown  syncline  it  is  composed  of  finer  material,  being  shaly, 
and  in  some  sections  absent. 

Above  the  Waynesburg  there  are  no  sandstones  of  thickness  or 
character  to  attract  attention,  except  that  occurring  about  130  feet 
above  the  Upper  Washington  limestone.  This  is  quarried  near  the 
railroad  tunnel  east  of  Washington  for  curbing  and  bridge  con- 
struction. 


IRON  ORE. 

Although  Pennsylvania  far  outstri])S  all  of  the  states  in  the  pro- 
duction of  pig  iron,  producing  almost  as  much  as  all  of  the  rest 
put  together,  her  own  production  of  iron  ore  is  inconspicuous  and 
practically  none  of  it  comes  from  the  area  here  studied.  As  early 
as  1792  a furnace  for  the  reduction  of  iron  ore  was  built  near  Fair 
Chance,  and  from  that  the  State’s  present  great  industry  has  grown. 
For  a long  time  the  many  furnaces  scattered  all  over  the  Coal 
Measure  area  drew  their  ores  from  the  surrounding  region,  but  the 
advent  of  the  rich  Lake  Superior  ores  effectually  closed  the  iron 
mines  of  western  Pennsylvauia,  until  at  the  present  time  their  ex- 
istence is  almost  forgotten.  As  the  iron  ores  of  western  Pennsylvania 
will  have  no  value  as  long  as  the  su])ply  of  Lake  Su])erior  ore  holds 
out,  they  do  not  need  to  be  dealt  with  at  any  length  in  a ])relinii]iarv 
report  of  this  kind.  As  a matter  of  historic  interest  a j)icture  of 
one  of  the  old  time  furnaces  in  Clarion  county  is  presented  (PI. 
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XXI),  as  well  as  a few  notes  on  the  horizons  from  which  the  ores 
were  obtained. 

The  highest  stratigraphic  position  from  which  iron  has  been  ob- 
tained in  Pennsylvania  is  the  shale  under  the  Waynesburg  coal. 
These  shales  sometimes  contain  considerable  quantities  of  iron  nod- 
ules. They  were  once  mined  in  IMorgan  township  in  Greene  county. 
The  clay  under  the  Pittsburg  coal,  in  Fayette  county,  has  been 
another  source  of  iron.  A typical  section  as  given  by  Stevenson 
shows  several  layei’S  of  iron  ore  running  from  0 or  a few  inches  up 
to  a foot  or  18  inches,  and  in  one  case  to  G feet  in  thickness.  These 
ores  are  confined  principally  to  the  Blairsville  basin  though  they 
extend  into  the  edge  of  Monongahela  county.  West  Virginia,  on  the 
south,  and  into  the  edge  of  Greene  county  on  the  west. 

The  principal  ore  of  western  Pennsylvania  lies  directly  on  top 
of  the  ferriferous  limestone.  It  has  often  been  called  the  buhrstone 
ore,  from  the  occurrence  beneath  it  sometimes  of  cherty  material. 
It  generally  lies  directly  on  top  of  the  limestone,  the  contact  being 
an  irregular  one,  and  it  runs  from  a few  inches  to  a foot  in  thickness, 
though  sometimes  running  up  to  several  feet.  In  such  cases  it  is 
usually  found  that  the  limestone  is  entirely  gone.  It  is  absent  over 
large  areas.  The  ore  is  evidently  a concentrate  due  to  the  action  of 
surface  or  ground  waters,  and  therefore  is  found  in  minable  condi- 
tion only  near  the  surface  within  reach  of  those  waters.  It  was 
mined  by  stripping  around  the  face  of  the  hill.  The  benches  formed 
by  these  old  strippings  stand  out  to-day  as  prominent  horizontal 
lines  around  ihe  landscape  in  the  regions  of  former  mining.  As  the 
old  pits  are  only  partly  filled  up,  except  as  they  have  filled  with 
water,  the  level  of  this  horizon  may  often  be  traced  on  the  new 
topographic  maps  by  the  benches  and  lines  of  pits. 

The  uppermost  shale  beds  of  the  Mauch  Chunk  formation  in  the 
lower  carboniferous  are  also  iron-bearing  in  Fayette  county,  and 
were  extensively  mined  in  the  early  days. 
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Bradford  oil  sand,  relation  to  lower  carboniferous,  Atlas  to  Vol.  R. 

Branchdale  mine  sheet,  AA  Atlas,  Southern  field.  Part  2. 

Broad  Top  coal  field  in  Bedford  and  Pulton  counties,  Voi.  T2. 

Broad  Top  coal  field  in  Huntingdon  county,  Vol.  T3. 

Broad  Top  coat  field,  general  review  of  Final  Summary  Report,  Vol.  Ill,  Part  2. 
Broad  mountain  basin.  West  End  mine  sheet,  AA,  Atlas,  Southern  field,  Part  2. 
Broken  Straw  valley,  Warren  county,  topographical  map,  Atlas  to  Vol.  I. 
Brookside  colliery  mine  sheet,  AA  Atlas,  Southern  field.  Part  3. 

Brookside  colliery,  cross  sections,  AA  Atlas,  Southern  field.  Part  6. 

Brown  hematite  ore  ranges,  Lehigh  county,  D,  D2,  M3,  preface. 

Brownstones  of  Pennsylvania  (18th  Ann.  Rep.,  Part  5,  U.  S.  G.  S.) 
Brownsville-Connellsville  folio  (Geoi.  Atlas  U.  S.,  folio  No.  94,  U.  S.  G.  S.) 
Bucks  county,  southern  part,  map,  Vol.  C6. 

Bucks  county,  central  part,  map,  Vol.  C7,  Atlas. 
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Bucks  county.  New  Red  measures  in,  and  Montgomery,  Pin.  Sum.  Rep.  Vol. 
Ill,  Part  2. 

Buckville  colliery  section,  AA  Atlas,  Southern  field.  Part  4. 

Buffalo  Coal  Company,  map,  Atlas  Vol.  R. 

Building  stone  quarries  in  Ohio,  Vol.  1.3. 

Building  stones;  see  brownstones. 

Burgettstown  quadrangle:  oil  and  gas  in  (Bull.  318,  U.  S.  G.  S.) 

Burgettstown  quadrangle;  Pittsburg  coal  in  (Bull.  260,  U.  S.  G.  S.) 

Buried  river  valleys,  Vol.  Q2,  p.  xii,  Ann.  Rep.  1885. 

Butler  county,  southern  part.  North  Allegheny  and  Beaver,  maps,  Vol.  Q. 
Butler  county,  northern  part,  Vol.  V. 

Butler  county,  oil  region  and  wells,  Vols.  1.3  and  1.4. 

Butler  county  oil  well  records,  Vol.  V. 

Butler,  Armstrong  and  Clarion  oil  fields,  map.  Atlas  to  Vol.  1.3. 

Butler,  Armstrong  and  Clarion  line  of  levels,  map  profile,  Vol.  J. 

a 

Cameron,  Elk  and  Forest  counties,  Vol.  RR  and  Atlas. 

Cameron  Columnar  sections,  RR  Atlas. 

Cameron  oil  wells,  Vol.  1.4. 

Cambria  county  and  maps.  Atlas  H2  and  H3. 

Cambria  and  Somerset  counties,  Vols.  H2  and  H3. 

Cambria  county;  see  Johnstown,  Barnesboro-Patton,  Ebensburg. 

Cambria  county;  clays  and  shales  of  southwestern  (Bull.  315,  U.  S.  G.  S.) 
Cambria  county;  coal  mining  along  southeastern  margin  of  the  Wilmore  basin 
(Bull.  225,  U.  S.  G.  S.) 

Cameron  oil  wells,  Vol.  1.4. 

Cameron  columnar  sections.  Atlas  H2  and  H3. 

Cambrian  rocks  of  Europe  and  America,  Vol.  B. 

Cambrian  rocks  in  the  State,  described.  Fin.  Sum.  Rep.,  Vol.  I. 

Carbon  determination  in  iron  and  steel,  Vol.  M2,  p.  409. 

Carbondale  mine  sheets  and  sections,  AA  Atlas,  Northern  anthracite.  Part  4. 
Carboniferous  rocks  (Pocono,  Mauch  Chunk  and  conglomerate),  described.  Fin. 

Sum.  Rep.,  Vol.  Ill,  Part  1. 

Carboniferous  in  West  Virginia,  Vol.  PP. 

Carboniferous  along  West  Branch  of  Susquehanna,  Vol.  G4. 

Catalogue  of  specimens  in  museum,  Vols.  O,  02,  03. 

Catalogue  of  specimens  in  Berks  county,  Vol.  D3,  Part  2. 

Catalogue  of  specimens  in  Adams,  Franklin  and  Lancaster,  Vol.  C3. 

Catalogue  of  specimens  in  Huntingdon  county,  Vol.  F. 

Catalogue  of  specimens  in  York  and  Adams  counties,  Vols.  C,  C2. 

Cave  fossils,  Ann.  Rep.  1887. 

Cayuga  colliery,  cross  section,  AA  Atlas,  Northern  anthracite.  Part  6. 

Cements,  analyses  and  tensile  strength,  Vol.  D2. 

Cement  works  in  Lehigh  county,  Vol.  D2. 

Cement  rock  deposits  of  the  Lehigh  district  (Bull.  225,  U.  S.  G.  S.) 

Centre  county,  with  map,  general  geology  of,  Vol.  T4. 

Central  colliery  cross  section,  AA  Atlas,  Northern  anthracite.  Part  6. 
Ceratiocardiae,  with  plates,  Vol.  P3. 

Chamberlain  colliery  section,  AA  Atlas,  Northern  Anthracite,  Part  4. 
Chamberlain  colliery,  cross  section,  AA  Atlas,  Northern  Anthracite,  Part  6. 
Charcoal  iron  furnaces.  Clarion  county,  Vol.  V2. 
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Cherry  Tree  gas  well,  Vol.  H2. 

Chester  county,  with  map,  Vol.  C4. 

Chester  county.  State  line  Serpentine,  Ann.  Rep.  1887. 

Chester  and  Delaware  Kaolin  deposits,  Ann.  Rep.  1885. 

Chestnut  Hill  iron  ore  banks,  map,  C3  Atlas. 

Clarion  county,  see  Clarion  quadrangle. 

Clarion  county,  with  map,  Vol.  V2. 

Clarion  county,  warrantee  map,  RR.  Atlas. 

Clarion  county,  oil  wells,  1.3,  1.4. 

Clarion,  Armstrong  and  Butler  levels,  map  profile,  Vol.  J. 

Clarion,  Armstrong  and  Butler  oil  fields,  1.3,  Atlas. 

Clarion  coal  bed  split,  Vol.  V. 

Clarion  quadrangle;  clays  and  shales  of  (Bull.  315,  U.  S.  G.  S.) 

Clarion  quadrangle;  coals  of  the  (Bull.  316,  U.  S.  G.  S.) 

Clarke  colliery,  cross  section,  AA  Atlas,  Northern  anthracite.  Part  6. 

Clarge  and  McCormick  cross  section,  AA  Atlas,  Southern  anthracite.  Part  6. 
Clays  and  shales  in  Central  Pennsylvania.  (Bull.  285,  U.  S.  G.  S.) 

Clays  of  the  Ohio  Valiey  in  Pennsylvania  (Bull  225,  U.  S.  G.  S.) 

Claysville  quadrangle  (Bull.  318,  U.  S.  G.  S.) 

Clays;  white  clays  of  South  Mountain.  (Bull.  315,  U.  S.  G.  S.) 

Clearfield  and  Jefferson  counties,  Vol.  H. 

Clearfield  county,  revised,  with  map,  Vol.  H7. 

Clearfield  coal  field,  (Bull.  285,  U.  S.  G.  S.) 

Clearfield  county;  notes  on  clays  and  shales  in  Central  Pennsylvania  (Bull. 

285,  U.  S.  G.  S.) 

Clinton  county,  Vol.  G4. 

Clinton  county  oil  wells,  Vol.  1.4. 

Clinton  county;  Hyner  gas  pool.  (Bull.  225,  U.  S.  G.  S.) 

Coal  formation,  by  H.  D.  Rogers,  Vol.  H,  appendix. 

Coal;  fuel  test  on  Pennsylvania  coals  (Prof.  Paper  48;  Bull.  290,  U.  S.  G.  S.) 
Coal,  classification  of,  Vol.  M2. 

Coal,  genesis  of,  Vol.  H4,  preface. 

Coal  mining;  anthracite.  (Mineral  Resourses  U.  S.  for  1883,  1884,  1886;  U.  S. 
G.  S.) 

Coal,  vegetable  origin  of,  Ann.  Rep.  1885. 

Coal,  structure,  troubles,  clay  veins,  Vol.  K3. 

Coal  beds,  identification  of,  Vol.  Q2,  p.  xxi. 

Coal,  bituminous  and  anthracite,  occurring  together,  Vol.  G2. 

Coal,  anthracite,  geology  of,  Fin.  Sum.  Report,  Vol.  Ill,  Part  1. 

Coal,  bitumjnous,  geology  of.  Pin.  Sum.  Report,  Vol.  Ill,  Part  2. 

Coal  measures  in  Western  Pennsylvania  and  Eastern  Ohio,  correlation  of, 
Vol.  Q2. 

Coal  flora,  text,  P,  Vols.  1,  2 and  3,  Atlas  P. 

Coal  waste  in  mining  anthracite,  Vol.  A2. 

Coal  Brook  colliery,  columnar  section,  AA  Atlas,  Northern  Anthracite,  Part  5. 
Coal  Brook  colliery,  cross  section,  AA  Atlas,  Northern  Anthracite,  Part  6. 
Coal  Hill,  Milford  cross  section,  AA  Atlas,  Southern  anthracite.  Part  5. 

Coke  manufacture,  special  reports,  G,  L. 

Coking  coal  best,  Vol.  G. 

Coking  qualities  of  coal,  Vol.  G2. 

Cold  Springs  mine  sheets,  AA  Atlas,  Southern  anthracite.  Part  3. 

Colket  colliery,  columnar  section,  AA  Atlas,  Southern  anthracite.  Part  4. 
Colket  colliery,  cross  section,  AA  Atlas,  Southern  anthracite,  Part  6. 
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Columbia  county,  Vol.  G7. 

Columnar  sections,  anthracite,  Vol.  AA. 

Columnar  sections  from  No.  VIII  to  No.  XVII,  Vol.  1.5. 

Columnar  sections  from  top  of  Upper  Barren  measures,  Vol.  1.3,  Atlas. 
Columnar  sections.  Oil  City,  Franklin,  Cranberry  coal  bank,  Vol.  1.3. 
Comparative  g-eology  of  Northeastern  Ohio,  Northwest  Pennsylvania  and  West- 
ern New  York,  Vol.  I. 

Connellsville  coke  trade,  Vol.  L. 

Conglomerate,  discussion  of  its  formation,  Vol.  H5,  preface. 

Conglomerate,  Pottsville  formation,  geology  of.  Fin.  Sum.  Rep.,  Vol.  Ill, 
Part  1. 

Conglomorate,  Garland  and  Panama,  Vol.  1.3. 

Contents  anthracite  coal  beds,  estimated,  Vol.  AA. 

Continental  colliery  cross  section,  AA  Atlas,  Northern  anthracite.  Part  6. 
Contorted  beds  of  micaceous  gneiss,  Philadelphia  belt,  Vol.  C5,  p.  x. 

Copper  ores  in  the  United  States,  Vol.  C3. 

Cornwall  ore  mines,  report  and  map,  Ann.  Rep.  1885. 

Cornwall  ore  mines,  history  and  present  ownership.  Ann.  Rep.  1885. 
Corniferous  limestone,  underground  map,  Vol.  1.5. 

Correlation  of  coal  measures  in  Western  Pennsylvania  and  Eastern  Ohio, 
Vol.  Q2. 

Cots  of  survey  from  1874  to  1885,  Ann.  Rep.  1885,  p.  xxi. 

Counties,  summary  geology  of  Vol.  X. 

Counties,  Atlas,  colored  geological  maps  of  all  counties,  Vol.  X. 

Crawford  and  Erie  counties,  with  maps,  Vol.  Q4. 

Crawford  county  oil  wells,  Vol.  1.4. 

Cumberland  county.  South  mountain  maps,  D5  and  D6,  Atlases. 

Cumberland  county,  geological  map.  Atlas,  D5. 

Cumberland  and  Uebanon  Valleys,  iron  ores  and  limestones,  Ann.  Rep.  1886, 
Part  4 and  Atlas. 

Cumberland  Valley  iron  ores,  map  and  analyses,  Vol.  M3. 

D. 

Dauphin  mine  sheet,  AA  Atlas,  Southern  anthracite.  Part  3. 

Delano  to  Mahanoy  City,  basin,  maps  and  sections,  AA  Atlas,  Western 
Middle,  Part  1. 

Delaware  county,  with  map,  Vol.  C5. 

Delaware  and  Chester  county  Kaolin  deposits,  Ann.  Rep.  1885. 

Delaware  county,  Radnor  township,  notes  on  geology,  Ann.  Rep.  1886,  Part 
4 and  Atlas. 

Delaware  water  gap,  Vol.  G6. 

Deringer,  Black  Creek  basin,  maps  and  sections,  AA  Atlas,  Eastern  Middle, 
Part  3. 

Devonian  along  West  Branch  of  Susquehanna  county,  G4. 

Devonian  and  Upper  Silurian  rocks  of  the  State,  described.  Fin.  Sum.  Rep., 
Vol.  II. 

Diamond  colliery  section,  AA  Atlas,  Southern  anthracite.  Part  4. 

Diamond  colliery,  cross  section,  AA  Atlas,  Southern  anthracite.  Part  5. 
Dictionary  of  fossils,  P4,  Vols.  I,  II  and  III. 

Dillsburg  ore  bed,  preliminary  discussion  on,  Vol.  C2. 

Dip  of  strata,  method  of  determining,  Vol.  V,  p.  vi. 

Distances,  levels,  etc.,  in  York  and  Adams  counties,  Vol.  C. 
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Derkes  colliery,  section,  AA  Atlas,  Southern  anthracite.  Part  4. 

Dolomites,  limestones,  notes  on,  M3. 

Dodge  colliery,  cross  section,  AA  Atlas,  Northern  anthracite.  Part  6. 
Donaldson  mine  sheet,  AA  Atlas,  Southern  anthracite.  Part  3. 

Drainage  of  Erie  county,  pre  and  post  glacial,  Vol  1.3. 

Drifton,  Highland  and  mine  maps  and  sections,  AA  Atlas,  Eastern  Middle, 
Part  1. 

Dundas  No.  6 colliery,  section,  AA  Atlas,  Southern  anthracite.  Part  4. 
Dunkard  Creek,  Pa.,  to  Black  Rock,  N.  Y.,  cross  section,  Vol.  1.3,  Atlas. 
Dunmore  colliery,  mine  sheets  and  sections,  AA  Atlas,  Northern  anthracite. 
Part  3. 

Dunn  colliery,  cross  section,  AA  Atlas,  Northern  anthracite.  Part  6. 

Dupont  and  Henderson  cross  section,  AA  Atlas,  Northern  anthracite.  Part  5. 
Durham  and  Reading  Hills,  maps,  eighteen  sheets,  Vol.  D3,  Atlas. 

E. 

Eagle  Hill  colliery  section,  AA  Atlas,  Southern  anthracite.  Part  4. 

Eagle  Hill  colliery,  cross  section,  AA  Atlas,  Southern  anthracite.  Part  5. 

East  Broad  Top  district,  Vol.  F and  Fin.  Sum.  Rep.,  Vol.  3,  Part  2. 

Eastern  Middle  anthracite  mine  maps,  basins  of  Upper  Lehigh,  Pond  Creek, 
Sandy  Run,  Little  Black  Creek,  Big  Black  Creek,  Hazle  Creek,  Cranberry 
Creek,  Beaver  Creek  and  Green  mountain,  AA  Atlas,  Eastern  Middle,  Parts 
1,  2 and  3. 

East  Franklin  colliery,  columnar  section,  AA  Atlas,  Southern  anthracite. 
Part  4b. 

Eaton  colliery,  columnar  section,  AA  Atlas,  Northern  anthracite.  Part  5. 

East  Pine  Knot,  York  Farm  cross  section,  AA  Atlas,  Southern  anthracite. 
Part  5. 

Ebensburg  folio;  (Geol.  Atlas  U.  S.,  folio  No.  133;  U.  S.  G.  S.) 

Edgerton  colliery,  cross  section,  AA  Atlas,  Northern  anthracite.  Part  6. 

Elders  Ridge  coal  field.  (Bull.  225,  U.  S.  G.  S.) 

Elders  Ridge  folio;  (Geol.  Atlas  U.  S.,  folio  No.  123;  U.  S.  G.  S.) 

Elders  Ridge  quadrangle;  mineral  resources  of  (Bull.  256,  U.  S.  G.  S.) 
Elevations  in  Warren  County,  Vol.  1.4. 

Elk,  Cameron  and  Forest  counties,  maps,  Vol.  R2  and  Atlas. 

Elk  county,  warrantee  map,  R2,  Atlas: 

Elk  county  oil  wells,  Vol.  1.4. 

Elkland  and  Tioga  folio;  (Geol.  Atlas  U.  S.,  folio  No.  93;  U.  S.  G.  S.) 

Ellendale  Forge  colliery  mine  sheet,  AA  Atlas,  Southern  anthracite.  Part  3. 
Ellendale,  North  vein  drift  section,  AA  Atlas,  Southern  anthracite.  Part  6. 
Ellsworth  colliery  section,  AA  Atlas,  Southern  anthracite.  Part  4. 

Erie  and  Crawford  counties,  with  maps,  Vol.  Q4. 

Erie  county  oil  wells,  Vol.  1.4. 

Erie  colliery,  columnar  section,  AA  Atlas,  Northern  anthracite.  Part  5. 

Erie  colliery  cross  section,  AA,  Atlas,  Northern  anthracite.  Part  6. 

Erie,  lake,  glacial  drainage,  Vol.  1.3. 

Erosion,  chemical,  Nittany  valley  limestones,  Vol.  T3. 

Erosion,  by  solution,  Vol.  T4,  p.  420. 

Erosion,  rate  of,  in  Allegheny  Valley,  Vol.  V2,  p.  ix. 

Erosion,  map  of  Titusville  and  Pleasantville,  Vol.  1.3,  Atlas. 
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Eurypteridae,  with  plates,  Vol.  P3. 

Exeter  shaft,  colliery,  cross  section,  AA  Atlas,  Northern  anthracite.  Part  5. 

F. 

Fall  Brook  coal  field,  Vol.  Q. 

Fayette  county,  with  map,  Vols.  K2  and  K3. 

Fayette  county;  see  Masontown-Uniontown,  Brownsville-Connellsvllle  folios. 
Fayette  and  Westmoreland,  Ligonier  valley,  Vol.  K3. 

Feger  ridge  colliery,  cross  section,  AA  Atlas,  Southern  anthracite.  Part  6. 
Ferriferous  limestone,  general,  Vol.  H3. 

Ferriferous  limestone,  limit  of,  Vol.  H4. 

Ferriferous  limestone,  Armstrong  county,  Vol.  H5,  preface. 

Fire  brick  tests,  Vol.  M2. 

Fire  clays,  genesis  of,  Vol.  Q2,  p.  xix. 

Fire  clays  of  Clearfield  county,  Vol.  H7,  appendix. 

Fishing  creek,  mine  sheet,  AA.  Atlas,  Southern  anthracite.  Part  3. 
Fogarty-Anchor  cross  section,  AA  Atlas,  Southern  anthracite.  Part  5. 

Forty  Fort  cross  section,  AA  Atlas,  Northern  anthracite.  Part  5. 

Fort  Lookout  mine  sheet,  AA  Atlas,  Southern  anthracite.  Part  3. 

Fort  Lookout  shaft  section,  AA  Atlas,  Southern  anthracite,  Pa’t  4. 

Forest,  Elk  and  Cameron  counties,  maps,  Vol.  R2  and  Atlas. 

Forest  county,  warrantee  map,  R2,  Atlas. 

Forest  county  oil  wells,  Vol.  I.  4. 

Forest  City  mine  sheets  and  sections,  AA  Atlas,  Northern  anthracite.  Part  4. 
Forest  City  bore  holes  and  columnar  sections,  AA,  Atlas,  Northern  anthracite. 
Part  5. 

Forestville  colliery  mine  sheet,  AA  Atlas,  Southern  anthracite.  Part  2. 
Forestville  colliery  columnar  section,  AA  Atlas,  Southern  anthracite.  Part  4b. 
Forestville  colliery,  cross  sections,  AA  Atlas,  Southern  anthracite.  Part  5. 
Forestville  deep  shaft,  section,  AA  Atlas,  Southern  anthracite.  Part  4. 
Formation,  Nos.  8 to  17,  columnar  sections,  Vol.  1.5. 

Former  surveys,  history  of,  Vol.  A. 

Fossils,  of  Southwestern  Pennsylvania,  list  of,  Vol.  K3. 

Fossil  dictionary,  P4,  Vols.  1,  2 and  3. 

Fossils  found  in  caves,  Ann  Rep.  1887. 

Fosil  fungus,  description  of,  Vol.  Q.  ^ 

Fossil  ores,  Juniata  valley,  Vol.  F. 

Fossil  tracks  in  Trias,  Ann.  Rep.,  1887. 

Frackville,  mine  sheet,  AA  Atlas,  Southern  anthracite.  Part  2. 

Frackville,  bore  hole  sections,  AA  Atlas,  Southern  anthracite.  Part  4. 
Franklin  county,  Vol.  C2. 

Franklin  county.  South  mountain  maps,  D5,  D6,  Atlas. 

Franklin  county.  Geological  map.  Atlas  D5. 

Fritz  Island  ore  mines,  map,  D3,  Atlas. 

Fulton  county,  with  map,  Vol.  T2. 


G. 

Gaines  coal  field,  Vol.  G. 

Gaines  folio  (Geol.  Atlas  U.  S. , folio  No.  92,  IT.  S.  G.  S.) 

Gaines  oil  field,  of  northwestern  Pennsylvania.  (22nd  Ann.  Rep.,  Part  3.  U. 
S.  G.  S.) 

Gas  and  oil  reports,  Vols.  I,  1.2,  1.3,  1.4,  1.5,  Ann.  Rep.  1885. 
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Gas  and  oil  reports,  Ann.  Rep.,  1886,  Part  2. 

Gas,  natural,  analyses,  Vol.  L. 

Gas,  natural,  composition  and  fuel  value,  Ann.  Rep.,  1886,  Part  2. 

Gas,  natural,  pressure  quantity  and  fuel  value,  Ann.  Rep.  1885. 

Gas,  natural,  use  in  iron  vsrorking,  Vol.  D. 

Gas,  natural,  durability  of  supply,  Vol.  L. 

Gas  coal  trade  of  the  Toughiog-heny,  Vol.  L. 

Gas  pool,  Hyner,  Clinton  county.  Pa.  (Bull.  225,  U.  S.  G.  S.) 

Gas  well.  Cherry  Tree,  Vol.  H2. 

Gap  Nickel  mine  map,  Vol.  C3,  and  Atlas. 

Garland  conglomerate,  Vol.  1.3. 

Genesis  of  iron  ores,  Vol.  T4,  p.  407. 

Genesis  of  pipe  ore  limonite,  Vol.  Q2,  p.  xvii. 

Geodetic  triangulation,  Ann.  Rep.,  1885. 

Geological  Hand  Atlas  of  counties,  Vol.  X. 

Geological  structure  of  Pennsylvania,  Vol.  X. 

Geology  of  Southeastern  Pennsylvania,  introduction,  Vol.  E. 

Geology,  comparative  of  Northeastern  Ohio,  Northwestern  Pennsylvania  and 
Western  New  York,  Vol.  I. 

Girardville  collieries,  maps  and  sections,  AA  Atlas,  Western  Middle,  Part  I. 
Glacial  theories,  Vol.  Z. 

Glacial  drainage,  Erie  county,  Vol.  1.3. 

Glacial  formations.  Pike  county,  Vol.  G6. 

Glacial  deposits,  Lehigh  county,  Vol.  D2. 

Glacial  terminal  moraine,  Vol.  Z. 

Glaciated  Region  in  Pennsylvania,  Vol.  Z,  map. 

Glen  Carbon,  mine  sheet,  AA  Atlas,  Southern  anthracite,  Part  2. 

Glendower  colliery,  section,  AA  Atlas,  Southern  anthracite.  Part  4. 

Glenwood  colliery,  column,  section,  AA  Atlas,  Northern  anthracite,  Part  5. 
Glenwood  colliery,  cross  section,  AA  Atlas,  Northern  anthracite,  Part  6. 

Gold  mine  colliery,  mine  sheet,  A A Atlas,  Southern  anthracite,  Part  3. 

Gold  mine  colliery,  gap  section,  AA  Atlas,  Southern  anthracite.  Part  4. 

Good  Spring  colliery,  mine  sheet,  AA  Atlas,  Southern  anthracite.  Part  3. 

Good  Spring  colliery,  columnar  section,  AA  Atlas,  Southern  anthracite.  Part  4b. 
Good  Spring  colliery,  cross  section,  AA  Atlas,  Southern  anthracite,  Part  6. 
Gordon  mine  sheet,  AA  Atlas,  Southern  anthracite.  Part  2. 

Gordon  bore  hole  sections,  AA  Atlas,  Southern  anthracite.  Part  4. 

Goman’s  colliery  section,  AA  Atlas,  Southern  anthracite.  Part  4. 

Gowen  colliery,  maps  and  sections,  AA  Atlas,  Eastern  Middle,  Part  3. 

Grassy  Island  colliery,  columnar  section,  AA  Atlas,  Northern  anthracite. 
Part  5. 

Grassy  Island  colliery,  cross  section,  AA  Atlas,  Northern  anthracite.  Part  6. 
Gratz  tunnel,  section,  AA  Atlas,  Southern  anthracite.  Part  4. 

Greene  county,  report  and  map,  Vol.  K.  and  Ann.  Report,  1886. 

Greene  county  oil  wells,  Vol.  1.4. 

Greene  county;  see  Masontown-Uniontown,  Waynesburg,  Rodgersville  folios. 
Greene  county;  Ninevah  and  Gordon  oil  sands  in  western  (Bull.  285;  U.  S.  G.  S.) 
Greene  county;  oil  and  gas  in;  (Bull.  304;  U.  S.  G.  S.) 

Greene  county;  oil  and  gas  fields  of  eastern  (Bull.  225;  U.  S.  G.  S.) 

Greene  and  Washington  bituminous  district  maps,  Vol.  K.  and  Atlas,  Ann. 
Rep.,  1886. 

Greene  mountain  basin,  maps  and  sections,  AA  Atlas,  Eastern  Middle,  Part  3. 
Greenwood  tunnel  section,  A A Atlas,  Southern  anthracite.  Part  4. 
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H. 

Hacupton  colliery,  cross  section,  AA  Atlas,  Northern  anthracite.  Part  6. 
Hanover  colliery,  cross  section,  AA  Atlas,  Northern  anthracite.  Part  5. 

Harris  colliery,  section,  AA  Atlas,  Southern  anthracite.  Part  4. 

Hazen’s  coal  bank.  Miller’s  quarry  section,  Vol.  1.3,  Atlas. 

Hazle  creek  basin,  Luzerne  county,  mine  maps  and  sections,  AA  Atlas,  East- 
ern Middle,  Part  1. 

Heckscherville  mine  sheet,  AA  Atlas,  Southern  anthercite.  Part  2. 

Hematite  ores,  genesis  of,  Vol.  D2. 

Hematite  ores  of  Cumberland  Valley,  M3. 

Hematite  ores,  mining  and  washing,  Vol.  D. 

Hematite  ores,  Lehigh  county,  Vol.  D. 

Herbine  colliery  section,  AA  Atlas,  Southern  anthracite.  Part  4. 

Herbine  colliery  cross  section,  AA  Atlas,  Southern  anthracite.  Part  5. 

Hickory  colliery,  cross  section,  AA  Atlas,  Southern  anthracite.  Part  5. 
Hillman  colliery,  cross  section,  AA  Atlas,  Northern  anthracite.  Part  5. 

Hill’s  tunnel  section,  AA  Atlas,  Southern  anthracite.  Part  4. 

History,  previous  surveys,  Vol.  A. 

History  of  survey,  1874  to  1885,  Ann.  Rep.,  1885,  p.  xvii. 

Hollenback  colliery  cross  section,  AA  Atlas,  Northern  anthracite.  Part  5. 
Homewood-Sharon  section,  map,  Vol.  V. 

Honeybrook  basin.  Carbon  county,  map  and  sections,  AA  Atlas,  Eastern 
Middle,  Part  3. 

Humboldt  map  and  sections,  AA  Atlas,  Eastern  Middle,  Part  3. 

Huntingdon  county,  with  map,  Vol.  T3. 

Huntingdon  county,  cross  sections,  Vol.  F. 

Huntingdon  county,  carboniferous,  Vol.  P. 

Hyde  Park  mine  sheets  and  sections,  AA  Atlas,  Northern  anthracite.  Part  3. 

I. 

Ice  sheet,  its  thickness,  Vol.  Z. 

Identification  of  beds,  anthracite,  Vol.  AA. 

Indian  relics,  Berks  county,  Vol.  D3,  Part  2. 

Indian  sculptures,  Vol.  C3,  Part  2. 

Indiana  county,  with  map,  Vol.  H4. 

Indiana  county;  see  Indiana  folio,  Elders  Ridge,  Punxsutawney,  Latrobe 
quadrangles. 

Indiana  folio;  (Geol.  Atlas  U.  S.,  folio  No.  102,  U.  S.  G.  S.) 

Iron  furnaces  in  Bedford  county,  Vol.  T2. 

Iron  industry,  history  of,  Vol.  D3,  Part  2. 

Iron  industry  of  Centre  county,  Vol.  T4. 

Iron  industry  of  Chester  county,  Vol.  C4. 

Iron  ores.  Genesis  of,  Vol.  T4,  p.  407. 

Iron  ores,  mining  methods,  Vol.  T4. 

Iron  ores  in  caverns,  Vol.  T4,  p.  418.  < 

Iron  ores  of  Cumberland  valley,  map  and  analyses,  Vol.  M3. 

Iron  ore  mines  Cumberland  and  Lebanon  Valleys,  Ann.  Rep.,  1886,  Part  4,  Atlas. 

J. 

Jamestown,  Adamsville  section,  Vol.  1.3,  Atlas. 

Jefferson  county,  with  map,  Vol.  H6. 

Jefferson  county;  see  Punxsutawney. 
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Jefferson  County  oil  wells,  Vol.  1.4. 

Jefferson  district,  Vol.  H. 

Jermyn  colliery,  mine  sheets  and  sections,  AA  Atlas,  Northern  anthracite. 
Part  4. 

Jermyn  colliery,  cross  sections,  AA  Atlas,  Northern  anthracite.  Part  6. 
Jessup  colliery,  mine  sheet  and  sections,  AA  Atlas,  Northern  anthracite. 
Part  4. 

Johnstown  and  vicinity;  coal  resources  of.  (Bull.  316,  U.  S.  G.  S.) 

Jones  iron  ore  mine  map,  Vol.  D3,  Atlas. 

Juniata  county,  with  map,  Vol.  F3  and  Atlas. 

Juniata  valley  fossil  ores,  Vol.  F. 

K. 

Kaolin,  Delaware  and  Chester  counties,  Ann.  Rep.,  1885. 

Kalmia  colliery  mine  sheet,  AA  Atlas,  Southern  anthracite.  Part  3. 

Kalmia  colliery,  columnar  section,  AA  Atlas,  Southern  anthracite.  Part  4b. 
Kalmia  colliery  cross  section,  AA  Atlas,  Southern  anthracite.  Part  6. 

Kaska  William  colliery  section,  AA  Atlas,  Southern  anthracite.  Part  4. 

Kaska  William  colliery  cross  section,  AA  Atlas,  Southern  anthracite.  Part  5. 
Kemble-Red  mountain  cross  section,  AA  Atlas,  Southern  anthracite.  Part  6. 
Kentucky  colliery  section,  AA  Atlas,  Southern  anthracite.  Part  4. 

Kentucky  colliery  cross  section,  AA  Atlas,  Southern  anthracite.  Part  5. 
Keystone  colliery  columnar  section,  AA  Atlas,  Northern  anthracite.  Part  1. 
Kingston  mine  sheets  and  sections,  AA  Atlas,  Northern  anthracite.  Part  1. 
Kittanning  folio  (Geol.  Atlas  U.  S.,  folio  No.  115,  U.  S.  G.  S.) 

Kittanning  and  Rural  Valley  quadrangles,  economic  gt'ology  of,  (Bull.  279, 
U.  S.  G.  S.) 

Kohler’s  gap  mine  sheet,  AA  Atlas,  Southern  anthracite.  Part  2. 

L. 

Laboratory  analyses,  Vols.  M,  M2  and  M3. 

Lackawanna  county,  Vol.  G7. 

Lackawanna  mine  sheets  and  sections,  AA  Atlas,  Northern  anthracite,  Part  2. 
Lackawanna  valley,  Quaternay  geology,  Ann.  Rep.,  1885. 

Lackawanna  valley,  topographical  map  of  part,  2 sheets,  Ann.  Rep.,  1886, 
Part  3,  Atlas. 

Lake  Erie,  pre-glacial  outlet,  Vol.  Q4. 

Lancaster  county  and  map,  Vol.  C3  and  Atlas. 

Lancaster  section,  Neffsville,  Marticville,  C3,  Atlas. 

Latitude  of  Wilkes-Barre,  Vol.  AA. 

Latrobe  folio;  (Geol.  Atlas  U.  S.,  folio  No.  110,  U.  S.  G.  S.) 

Laurentian  rocks  described.  Fin.  Sum.  Rep.,  Vol.  I. 

Lawrence  county,  with  maps,  Vol.  Q2. 

Lebanon  county,  Cornwall  Mines,  Ann.  Rep.,  1885. 

Lebanon  county;  magnetic  deposits  of  the  Cornwall  type  in.  (Bull.  315,  U. 
S.  G.  S.) 

Lebanon  valley  iron  ores  and  limestone,  Ann.  Rep.,  1886,  Part  4 and  Atlas. 
Leggitt’s  creek  colliery  cross  section,  AA  Atlas,  Northern  anthracite.  Part  6. 
Lehigh  county,  Vols.  D,  D3,  Part  1. 

Lehigh  county;  cement-rock  deposits  of  the  Lehigh  district.  (Bull.  225,  U.  S 
G.  S.) 
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Lehigh  county;  mineral  paint  ores  of  (Bull.  315,  U.  S.  G.  S.) 

Lehigh  county;  slate  industry  of  Slatington,  Pa.  (Bull.  213,  U.  S.  G.  S.) 

Lehigh  and  Northampton  counties,  map,  Vol.  D3,  Atlas. 

Lehigh  district  and  map,  Vol.  D2. 

Lehigh  Navigation  Company’s  land  report,  Vol.  AA. 

Lehigh  River  cross  section,  Ann.  Rep.,  1886,  Part  4 and  Atlas. 

Lehigh  River  paint  ores,  Ann.  Rep.,  1886,  Part  4 and  Atlas. 

Lehigh  water  gap,  Vol.  G6. 

Lehigh  and  Wilkes-Barre  cross  sections,  AA  Atlas,  Northern  anthracite,  Part 
5 and  6. 

Levels  above  tide  in  Pennsylvania,  Vol.  N. 

Levels,  Butler,  Armstrong,  and  Clarion  counties,  map,  Vol.  J. 

Levels  along  Slippery  Rock  creek,  map  and  profile,  Vol.  J. 

Levels,  railroads  in  oil  region,  Vol.  1.2. 

Levels,  York  and  Adams  counties,  Vol.  C. 

Levels  of  coal  beds  in  Southwestern  Pennsylvania,  Ann.  Rep.,  1885. 

Lewis  colliery  cross  section,  AA  Atlas,  Southern  anthracite.  Part  5. 

Lias,  Fossil  tracks  in,  Ann.  Rep.,  1887. 

Ligonier  valley  coal  field,  Vol.  V2,  K3. 

Limestone,  Susquehanna  section,  analyses,  Vol.  0VI2. 

Limestone,  Lehigh  and  Northampton,  Vol.  D3,  Part  1. 

Limestone,  Cumberland  and  Lebanon  valley,  Ann.  Rep.,  1886,  Part  4 and 
Atlas. 

Limestone,  dolomitic,  notes  on,  Vol.  M.2. 

Limestone  of  Southwestern  Pennsylvania.  (Bull.  249,  U.  S.  G.  S.) 

Lincoln  colliery  columnar  section,  AA  Atlas,  Southern  anthracite.  Part  4b. 
Lincoln  colliery,  cross  section,  AA  Atlas,  Southern  anthracite.  Part  6. 

Little  Black  creek  basin,  mine  maps,  etc.,  AA  Atlas,  Eastern  Middle,  Part  1. 
Little  tunnel,  Tamaqua  section,  AA  Atlas,  Southern  anthracite.  Part  4. 
Llewellyn  colliery  mine  sheet,  AA  Atlas,  Southern  anthracite.  Part  2. 

Lock  Haven,  paleozoic  section,  Vols.  F.  and  G. 

Longitude  of  Wilkes-Barre,  Vol.  AA. 

Lorberry  mine  sheet,  AA  Atlas,  Southern  anthracite.  Part  3. 

Lower  Silurian  rocks  and  sub-divisions  summarized.  Fin.  Sum.  Rept.,  Vol.  I. 
Lycoming  county,  Vol.  G2. 

Lykens  mine  sheet,  AA  Atlas,  Southern  anthracite.  Part  3. 

Lyon,  Shrob  & Company’s  ore  lands,  Vol.  T4. 

Luzerne  county,  Vol.  G7. 


M. 

Map,  geological  of  the  State  (new).  Atlas  to  Fin.  Summary  Report. 

Map,  general,  anthracite  field,  AA  Atlas,  South  anthracite.  Part  1. 

Map,  Southwest  Pennsylvania,  Ann.  Report,  1886,  Part  1. 

Map,  bituminous  coal  fields  of  the  State,  Atlas,  Fin.  Sum.  Report. 

Mahanoy  basin  cross  section,  AA  Atlas,  Western  Middle,  Part  1. 

Marshwood  colliery  columnar  section,  AA  Atlas,  Northern  anthracite.  Part  5. 
Marvine  colliery  columnar  section,  AA  Atlas,  Northern  anthracite.  Part  5. 
Marvine  colliery  cross  section,  AA  Atlas,  Northern  anthracite.  Part  6. 
Masontown-Uniontown  folio  (Geol.  Atlas  U.  S.,  folio  82,  U.  S.  G.  S.) 

Mauch  Chunk  formation  No.  XI,  Sum.  Pin.  Report,  Vol.  3,  Part  1. 

Mayville  colliery  columnar  section,  AA  Atlas,  Western  Middle,  Part  5. 
McKean  county,  with  maps,  Vol.  RR,  Atlas,  R2  Atlas. 
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McKean  county  oil  wells,  Vol.  14. 

McCauley  mountain  Luzerne  county,  map  and  section.s,  AA  Atlas,  Eastern 
Middle,  Part  3. 

Mercer  county,  with  maps,  Vol.  Q3. 

Mercer  county  oil  wells,  Vol.  1.4. 

Meadville-Sugar  Grove  section,  Vol.  1.3,  Atlas. 

Meadow  Brook  colliery  cross  section,  AA  Atlas,  Northern  anthracite.  Part  G. 
Mica,  metamorphosis  of,  Vol.  C5,  p.  108. 

Mineral  paint  ores  of  Lehigh  Gap.  (Bull.  315,  U.  S.  G.  S.) 

Mineral  Spring  colliery  cross  section,  AA  Atlas,  Northern  anthracite,  Part  6. 
Minersville  mine  sheet,  AA  Atlas,  Southern  anthracite.  Part  2. 

Middle  Creek  colliery  mine  sheet,  AA  Atlas,  Southern  anthracite.  Part  3. 
Middle  Creek  colliery  columnar  section,  AA  Atlas,  Southern  anthracite.  Part  4b. 
Middle  Creek  colliery  cross  section,  AA  Atlas,  Southern  anthracite.  Part  6. 
Middleport  mine  sheet,  AA  Atlas,  Southern  anthracite.  Part  2. 

Mifflin  county  and  map,  Vol.  F3  and  Atlas. 

Milford-Coal  Hill  cross  section,  AA  Atlas,  Southern  anthracite.  Part  5. 

Miller's  quarry,  Hazen  coal  bank  section,  Vol.  1.3,  Atlas. 

Minerals,  analyses,  Vols.  B,  B2. 

Minerals  of  Delaware  county,  Vol.  C5. 

Mines  on  Monongahela  and  Youghiogheny  rivers,  Vol.  K4,  Ann.  Kept.,  1885, 
1886. 

Mining  anthracite,  methods  of,  Vol.  AC  and  Atlas. 

Mining  hematite  ores,  Vol.  D. 

Mining  methods,  Westmoreland  Coal  Company  and  Pittsburgh  region,  Ann. 
Kept.,  1886,  Part  1. 

Mine  Hill  colliery  section,  AA  Atlas,  Southern  anthracite.  Part  4. 
Monongahela  river  mines,  description,  map,  plates,  Vol.  K4. 

Montgomery  county,  southern  part,  map,  Vol.  C6. 

Montgomery  county,  central  part,  map,  Vol.  C7,  Atlas. 

Monocraterion,  a new  fossil,  Vol.  D2. 

Monroe  county,  Vol.  G6. 

Montour  county,  Vol.  G7. 

Montana,  North,  sheet,  AA  Atlas,  Western  Middle,  Part  3. 

Moraine  terminal,  Vol.  Z. 

Morea  colliery,  mine  sheet,  AA  Atlas,  Southern  anthracite.  Part  2. 

Morea  colliery,  sections,  AA  Atlas,  Southern  anthracite.  Part  4. 

Morrison’s  cove,  map,  Vol.  T,  Atlas. 

Mountain  limestone,  Ann.  Rep.,  1885,  Vol.  H5,  preface. 

Mountain  limestone.  Nos.  X-XI,  Sum.  Pin.  Kept.,  Vol.  3,  Part  1. 

Mt.  Carmel,  North,  sheet,  A A Atlas,  Western  Middle,  Part  3. 

Mt.  Carmel,  map  and  sections,  AA  Atlas,  Western  Middle,  Part  2. 

Mt.  Eagle  mine  sheet,  AA  Atlas,  Southern  anthracite.  Part  3. 

Mt.  Eagle  road  section,  AA  Atlas,  Southern  anthracite.  Part  4. 

Mt.  Jessup  colliery  columnar  section,  AA  Atlas,  Northern  anthracite.  Part  5. 
Mt.  Pleasant  colliery,  mine  sheet,  AA  Atlas,  Southern  anthracite.  Part  2. 
Muddy  Run  to  Fishing  Creek  section,  Lancaster  county,  Vol.  C3,  Atlas. 
Museum,  catalogue  of  specimens,  Vols.  O,  02  and  03. 

N. 

Nanticoke  mine  sheets  and  sections,  AA  Atlas,  Northern  anthracite.  Part  1. 
Natural  gas,  composition  and  fuel  value,  Ann.  Rep.,  1886,  Part  2. 
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Natural  gas,  use  in  iron  manufacturing,  Vol.  L. 

Neshaminy  water  basin,  maps.  Atlas  C7. 

New  Boston  mine  sheet,  AA  Atlas,  Southern  anthracite.  Part  2. 

New  Boston  coal  basin,  Ann.  Rep.,  1887. 

New  Castle  mine  sheet,  AA  Atlas,  Southern  anthracite.  Part  2. 

Newkirk  colliery  section,  AA  Atlas,  Southern  anthracite.  Part  4. 

New  Lincoln  colliery  section,  AA  Atlas,  Southern  anthracite.  Part  4. 

New  Lincoln-Rausch  creek  cross  section,  AA  Atlas,  Southern  anthracite. 
Part  6. 

New  Philadelphia  mine  sheet,  AA  Atlas,  Southern  anthracite.  Part  2. 

Newport  mine  sheets  and  sections,  AA  Atlas,  Northern  anthracite.  Part  2. 
Newton  mine  sheets  and  sections,  AA  Atlas,  Southern  anthracite.  Part  2. 

New  Red  formation,  geology  of.  Sum.  Fin.  Report,  Vol.  3,  Part  2. 

Nittany  Valley  and  Bald  Eagle  mountain  map,  Vol.  T3. 

Notes  on  Cambria  and  Somerset  counties,  H2  and  H3,  Atlas. 

Notes  on  geological  formations  in  Centre  county,  Vol.  T4. 

Northampton  county  and  map,  Vol.  D3,  Part  1,  D3,  Atlas. 

Northern  anthracite  field,  Lackawanna  and  Wyoming  valleys,  maps  and  sec- 
tions, AA  Atlas,  Northern  anthracite.  Parts  1-6. 

Northeastern  Ohio,  comparative  geology,  Vol.  I. 

Northdale  tunnel  cross  section,  AA  Atlas,  Southern  anthracite.  Part  5. 

North  Diamond  colliery  cross  section,  A A Atlas,  Southern  anthracite.  Part  5. 
North  Montana  sheet,  map  and  sections,  AA  Atlas,  Western  Middle,  Part  3. 
North  Mt.  Carmel  sheet,  AA  Atlas,  Western  Middle,  Part  3. 

North  Shamokin  sheet,  AA  Atlas,  Western  Middle,  Part  3. 

North  Shenandoah  sheet,  map  and  section,  AA  Atlas,  Western  Middle  Part  3. 
North  vein  drift,  Ellendale  section,  AA  Atlas,  Southern  anthracite,  Part  6. 
Northwest  Pennsylvania  Summit  water  basin,  map,  Vol.  1.3,  Atlas. 

Northwest  Pennsylvania,  comparative  geology,  Vol.  I. 

Northumberland  county,  Vol.  G7. 

No.  1 and  2 shaft,  cross  sections,  AA  Atlas,  Northern  anthracite.  Part  5. 

No.  3 colliery,  cross  section,  AA  Atlas,  Northern  anthracite.  Part  5. 

No.  6 colliery,  cross  section,  AA  Atlas,  Northern  anthracite.  Part  5. 

No.  18  slope,  Wanamie  cross  section,  AA  Atlas,  Northern  anthracite,  Part  5. 
No.  X formation,  coal  beds  in,  Ann.  Rep.,  1885. 

O. 

Oakdale  colliery  section,  A A Atlas,  Southern  anthracite.  Part  4. 

Oakdale-Black  mine  cross  section,  AA  Atlas,  Southern  anthracite.  Part  5. 

Oak  Hill  colliery  cross  section,  AA  Atlas,  Southern  anthracite.  Part  5. 

Ohio  line,  Lawrence  county,  with  maps,  Vol.  QQ. 

Oil  district.  Vols.  I,  1.2,  1.3,  1.4,  1.5. 

Oil  and  gas  region,  general  map;  Vol.  1.5. 

Oil  and  gas  region,  report,  Ann.  Rep.,  1885. 

Oil  and  gas  region,  report  with  maps,  Ann.  Rep.,  1886,  Part  2. 

Oil  and  gas  region,  Warren,  Venango,  Clarion  and  Butler  counties,  Vol.  1.3. 
Oil  and  gas  region,  Clarion  county,  Vol.  V2. 

Oil  and  gas  in  Burgettstown  and  Claysville  quadrangles,  Washington  county. 
(Bull.  318,  U.  S.  G.  S.) 

Oil  and  gas  in  Greene  county.  (Bulls.  225  and  304,  U.  S.  G.  S.) 

Oil  field,  Gaines,  in  Northern  Pennsylvania.  (22nd  Ann.  Rep.,  Part  3,  U.  S. 

G.  S.) 
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Oil  production,  statistical  charts,  Vols.  1.4,  1.5,  Ann.  Rep.,  1886,  Part  2. 

Oil  well  records,  levels,  Vols.  I,  1.4,  1.5. 

Oil  well  records,  Butler  county  chart,  Vol.  V. 

Oil  wells  completed,  etc.,  statistical  chart,  Ann.  Rep.,  1886,  Part  2. 

Oil  wells  columnar  sections,  Vol.  1.3,  and  Atlas. 

Oil  well  rig  and  tools,  Vol.  J,  Vol.  1.3  and  Atlas. 

Old  Carbon  Hill  colliery  cross  section,  AA  Atlas,  Northern  anthracite,  Part  6. 
Old  Forest  City  tunnel  section,  AA  Atlas,  Northern  anthracite.  Part  6. 

Old  river  channel,  at  Parker,  map,  Vol.  V2. 

Olyphant  mine  sheets  and  sections,  AA  Atlas,  Northern  anthracite.  Part  4. 
Operators,  anthracite  district,  Vol.  AA. 

Otto-Blackwood  cross  section,  AA  Atlas,  Southern  anthracite.  Part  6. 

Otto  colliery  sections,  AA  Atlas,  Southern  anthracite.  Parts  4-4b. 


P. 

Paint  ores  of  Lehigh  river,  Ann.  Rep.,  1886,  Part  4 and  Atlas. 

Paleontology  of  Southwestern  Pennsylvania,  Vol.  K3. 

Paleontology  of  Perry  county,  Vol.  F2. 

Paleozoic  plants,  report  on,  Ann.  Rep.,  1886,  Part  1. 

Palmer  vein  colliery  section,  AA  Atlas,  Southern  anthracite,  Part  4. 

Panama  eoiiglomeiate,  Vol.  1.3. 

Panther  creek  basin,  report,  Vol.  AA. 

Panther  creek  basin,  map,  AA  Atlas,  Southern  anthracite.  Part  1. 

Panther  creek  mine  sheets,  AA  Atlas,  Southern  anthracite.  Part  1. 

Panther  creek  basin,  topographical  sheet,  AA  Atlas,  Southern  anthracite, 
Part  1. 

Panther  creek  basin,  columnar  and  cross  sections,  AA  Atlas,  Southern  anthra- 
cite, Part  1. 

Parker,  map,  Armstrong  and  Butler  counties,  Vol.  V. 

Parker,  old  river  channel,  map,  Vol.  V2. 

Patterson  mine  sheet,  AA  Atlas,  Southern  anthracite.  Part  2. 

Payne’s  colliery  section,  AA  Atlas,  Southern  anthracite.  Part  4. 

Peat  bog,  mineral,  at  Scranton,  Ann.  Rep.,  1885. 

Peckville  colliery,  columnar  section,  A A Atlas,  Northern  anthracite,  Part  5. 
Pennsylvania  Coal  Company,  1,  3,  and  4 cross  section,  AA  Atlas,  Northern 
anthracite.  Part  6. 

Pequea-Quarryville  section,  Lancaster  county,  C3,  Atlas. 

Perkiomen  water  basin,  map,  C7,  Atlas. 

Permian  flora,  Vol.  PP. 

Perry  county  and  map,  Vol.  F2. 

Persons  engaged  on  survey,  1874-1885,  Ann.  Rep.,  1885,  p.  xxii. 

Petroleum,  see  oil. 

Petroleum,  special  report  on,  Vol.  J. 

Petroleum,  genesis  of,  Vol.  I,  1.4. 

Petroleum,  origin  of,  Vol.  K. 

Petroleum,  general  consideration  on,  Ann.  Rep.,  1885. 

Petroleum,  publication  on,  list  of,  Ann  Rep.,  1886,  Part  2. 

Philadelphia  belt,  maps  and  geology,  Vol.  C6. 

Phoenix  Park  colliery  sections,  AA  Atlas,  Southern  anthracite.  Part  4,  Part  5. 
Phosphorus  ore  at  Mt.  Holly  Springs.  (Bull.  315,  U.  S.  G.  S.) 

Phosphorus  prospect  in  Pennsylvania.  (17th  Ann.  Rep.,  Part  3,  U.  S.  G.  S.) 
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Pierce  creek  colliery,  columnar  section,  AA  Atlas,  Northern  anthracite.  Part  5. 
Pike  county,  Vol.  G6. 

Pinedale  bore  hole,  columnar  section,  AA  Atlas,  Southern  anthracite.  Part  4b. 
Pinedale  cross  section,  AA  Atlas,  Southern  anthracite,  Part  5. 

Pine  Forest  colliery  section,  AA  Atlas,  Southern  anthracite,  Part  4. 
Pittsburgh  coal  bed,  depths  beneath  the  surface,  maps;  Vol.  K. 

Pittsburgh,  Boyd’s  Hill  well,  record  and  geological  notes,  Vol.  L. 

Pittsburgh  coal  region,  re-survey,  Ann.  Rep.,  1885. 

Pittsburgh  coal  region,  report,  with  maps,  Ann.  Rep.,  1886,  Part  1. 

Pittsburgh  coal  region,  mining  methods,  Ann.  Rep.,  1886,  Part  1. 

Pittston  mine  sheets  and  sections,  AA  Atlas,  Northern  anthracite.  Part  2. 
Plants,  paleozoic,  report  on,  Ann.  Rep.,  1886,  Part  1. 

Pieasant  Valley  mine  sheets  and  sections,  AA  Atlas,  Northern  anthracite. 
Part  2. 

Plymouth  mine  sheets  and  sections,  AA  Atlas,  Northern  anthracite.  Part  1. 
Pocono  formation  coal  beds,  Ann.  Rep.,  1885. 

Pocono  formation,  description.  Fin.  Sum.  Rep.,  Vol.  3,  Part  1. 

Pond  creek  basin,  Luzerne  county,  mine  map  and  sections,  AA  Atlas,  Eastern 
Middle,  Part  2. 

Porter  and  Beach  colliery,  columnar  sections,  AA  Atlas,  Northern  anthracite. 
Part  5. 

Potato  creek  coal  basin,  map,  Vol.  R,  Atlas. 

Pottsville  conglomerate.  No.  XII,  Sum.  Fin.  Report,  Vol.  3,  Part  1. 

Pottsville  formation;  see  anthracite  coal  field. 

Pottsville  mine  sheets,  AA  Atlas,  Southern  anthracite.  Part  2. 

Pottsville  colliery  section,  AA  Atlas,  Southern  anthracite.  Part  4. 

Pottsville  colliery  cross  sections,  AA  Atlas,  Southern  anthracite.  Part  5. 
Pottsviile  gap  mine  sheet,  A A Atlas,  Southern  anthractie.  Part  2. 

Pottsville  gap  section,  AA  Atlas,  Southern  anthracite.  Part  4. 

Pottsville  gap,  Altamount  cross  section,  AA  Atlas,  Southern  anthracite,  Part  5. 
Potter  county  and  map,  Vol.  G3. 

Potter  county;  see  Gaines. 

Potter  county  oil  wells,  Vol.  1.4. 

Pre-Silurian  geology,  American,  Vol.  E. 

Pre-glacial  and  post  glacial  drainage,  1.3. 

Pre-glacial  outlet  of  Lake  Erie,  Q4. 

Powderly  colliery  columnar  section,  AA  Atlas,  Northern  anthracite.  Part  5. 
Providence  mine  sheets  and  sections,  AA  Atlas,  Northern  anthracite.  Part  3. 
Punxsutawney  and  Glen  Campbell  coal  field,  of  Indiana  and  Jefferson  coun- 
ties. (Bull.  285,  U.  S.  G.  S.) 


Q. 

N 

Quaker  Hill  coal  basin,  map,  Vol.  1.4. 

Quaternary  geology,  Wyoming  and  Lackawanna  valleys,  Ann.  Rep.,  1885. 
Quinn  colliery,  cross  section,  AA  Atlas,  South  anthracite.  Part  5. 


R. 

Radnor  township,  Delaware  county,  serpentine  beds,  Ann.  Rep.,  1886,  Part  4 
and  Atlas. 

Randolph  tunnel  section,  AA  Atlas,  Southern  anthracite.  Part  4. 
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Rattling  run  mine  sheet,  AA  Atlas,  Southern  anthracite.  Part  3. 

Rattling  run  tunnel  section,  A A Atlas,  Southern  anthracite.  Part  4. 

Rausch  gap,  mine  sheet,  AA  Atlas,  Southern  anthracite.  Part  3. 

Rausch  gap,  section,  AA  Atlas,  Southern  anthracite.  Part  4. 

Rausch  colliery  cross  section,  AA  Atlas,  Southern  anthracite.  Part  6. 

Rausch  creek-New  Lincoln  cross  section,  AA  Atlas,  Southern  anthracite.  Part  6. 
Records  and  levels  of  oil  wells,  Vol.  1.2. 

Red  Ash  colliery  cross  section,  AA  Atlas,  Southern  anthracite.  Part  6. 

Red  Mountain-Kemble  cross  section,  AA  Atlas,  Southern  anthracite.  Part  6. 
Red  beds  of  the  Crawford  shale,  underground  map,  Vol.  1.5. 

Reevesdale  colliery  section,  AA  Atlas,  Southern  anthracite.  Part  4. 

Relation  of  lower  carboniferous  to  Bradford  oil  sand,  Vol.  R,  Atlas. 

Renovo  coal  basin,  Vol.  G4. 

Repplier  colliery  cross  section,  AA  Atlas,  Southern  anthracite.  Part  5. 

Revenue  colliery,  cross  section,  AA  Atlas,  Southern  anthracite.  Part  5. 
Richardson  colliery  section,  A A Atlas,  Southern  anthracite.  Part  4. 
Richardson  colliery  cross  section,  AA  Atlas,  Southern  anthracite.  Part  5. 
Rocktown  tunnel,  AA  Atlas,  Southern  anthracite,  Part  4. 

Rogers,  H.  D.,  memoir  on  coal  formation,  Vol.  H.,  appendix. 

Rogersville  folio  (Geol.  Atlas  U.  S.,  folio  No.  146,  U.  S.  G.  S.) 

Rural  Valley  folio  (Geol.  Atlas  U.  S.,  folio  No.  125,  U.  S.  G.  S.) 

S. 

Saint  Clair  mine  sheet,  A A Atlas,  Southern  anthracite.  Part  2. 

Saint  Clair  shaft  section,  AA  Atlas,  Southern  anthracite.  Part  4. 

Salem  colliery  cross  section,  AA  Atlas,  Northern  anthracite.  Part  5. 

Salem  colliery  cross  section,  AA  Atlas,  Southern  anthracite.  Part  5. 

Sandy  run  basin,  Luzerne  county,  mine  map,  section,  AA  Atlas,  Eastern 
Middle,  Part  2. 

Scranton  colliery  cross  section,  AA  Atlas,  Northern  anthracite.  Part  6. 
Sculptured  rocks,  Vol.  C3. 

Seasholtzville  ore  mine  map,  Vol.  D3,  Atlas. 

Sections,  Butler  county,  chart,  Vol.  V. 

Sections,  columnar,  anthracite,  Vol.  AA. 

Sections,  Lehigh  river,  Ann.  Rep.,  1886,  Part  4 and  Atlas. 

Serpentine  beds  of  Chester  and  Delaware  counties,  Vol.  C4,  p.  346. 

Serpentine  ranges,  Radnor  township,  Delaware  county,  Ann.  Rep.,  1886,  Part 
4 and  Atlas. 

Serpentine  State  line  in  Chester  county,  Ann.  Rep.,  1887. 

Shamokin  sheet,  maps  and  sections,  AA  Atlas,  Western  Middle,  Part  2. 
Shamokin,  North,  sheet,  AA  Atlas,  Western  Middle,  Part  3. 
Sharon-Homewood  section,  map,  Vol.  V. 

Sharp  mountain,  11  sections,  AA  Atlas,  Southern  anthracite,  Part  4. 
Shenandoah  basin,  maps  and  sections,  AA  Atlas,  Western  Middle,  Part  1. 
Shenandoah  basin.  North,  sheet,  AA  Atlas,  Western  Middle,  Part  3. 

Shenango  river,  map,  Vol.  V. 

Shenango  valley,  Vol.  V. 

Sheperd’s  creek,  mine  sheet  and  sections,  AA  Atlas,  Northern  anthracite. 
Part  4. 

Shickshinny  mine  sheet  and  sections,  AA  Atlas,  Northern  anthracite.  Part  2. 
Shiro  tunnel  section,  AA  Atlas,  Southern  anthracite.  Part  4. 

Short  mountain  colliery  section,  AA  Atlas,  Southern  anthracite.  Part  4. 
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Short  mountain  colliery  cross  section,  AA  Atlas,  Southern  anthracite,  Part  6. 
Sibley  colliery  cross  section,  AA  Atlas,  Northern  anthracite.  Part  6. 

Silver  Brook  colliery,  maps  and  sections,  AA  Atlas,  Eastern  Middle,  Part  3. 
Silver  creek  dam,  mine  sheet,  AA  Atlas,  Southern  anthracite.  Part  2. 

Simpson  colliery,  columnar  section,  AA  Atlas,  Northern  anthracite.  Part  5. 
Slate  belt  of  Northampton  and  Lehigh,  D3,  Part  1. 

Slate  industry  of  Slatington,  Pa.  (Bull.  213,  U.  S.  G.  S.) 

Slippery  Rock  creek,  levels,  map  and  profile,  Vol.  J. 

Slippery  Rock  creek,  map,  Vol.  V. 

Sloane  colliery,  cross  section,  AA  Atlas,  Northern  anthracite,  Part  6. 

Snow  Shoe  coal  basin,  Vol.  T4. 

Snyder  county,  report  and  map,  Vol.  F3  and  Atlas. 

Somerset  county,  report,  Vol.  H3. 

Somerset  county,  map.  Atlas  to  H2  and  H3. 

Somerset  county,  Wellersburg  basin,  Ann.  Rep.,  1885. 

Southwest  Pennsylvania  map,  Ann.  Rep.,  1886,  Part  1. 

Southwest  Pennsylvania  map,  oil  and  gas  region,  Ann.  Rep.,  1886,  Part  2. 
Southern  Huntingdon  county,  cross  sections,  Vol.  F. 

South  mountain,  Durham  and  Reading  Hills,  Map  18,  sheets,  D3  Part  2,  D3, 
Atlas. 

South  mountain,  maps.  Do  and  D6,  Atlas. 

South  mountain  rocks,  D3,  Part  1. 

South  mountain,  white  clays  of  (Bull.  315,  U.  S.  G.  S.) 

Somerset  county,  report  and  maps,  Vol.  H3. 

Somerset  county,  oil  wells,  Vol.  1.4. 

South  Pyne  colliery  columnar  sections,  AA  Atlas,  Southern  anthracite.  Part  4b. 
South  Pyne  colliery,  cross  section,  AA  Atlas,  Southern  anthracite.  Part  6. 
South  Scranton  mine  sheets  and  section,  AA  Atlas,  Northern  anthracite.  Part  3. 
Spangler  colliery,  cross  section,  AA  Atlas,  Southern  anthracite.  Part  6. 
Specimens,  catalogue  of,  in  museum,  Vols.  O,  02,  and  03. 

Spencer  and  Milnes  colliery,  cross  section,  AA  Atlas,  Southern  anthracite. 
Part  5. 

Spring  creek  valley,  Warren  county,  topographical  map,  Vol.  1.3,  Atlas. 

Spring  waters,  temperatures  of,  Vol.  C3. 

Stadia,  measurements,  theory  of,  Vol.  AA. 

State  line  serpentine,  Chester  county,  Ann.  Rep.,  1887. 

Stone  mountain  fault,  Vol.  T3. 

Stratigraphy  of  the  bituminous  coal  field  in  Pennsylvania.  (Bull.  65,  U.  S.  G.  S.) 
Sub-carboniferous  section,  Vol.  G4. 

Sub-conglomerate,  Bradford  oil  district,  Vol.  R,  Atlas. 

Sugar  Grove-Meadesville  section,  Vol.  1.3,  Atlas. 

Sugar-Notch  mine  sheets  and  sections,  AA  Atlas,  Northern  anthracite,  Part  1. 
Sugar-Notch  and  Maffett  cross  sections,  AA  Atlas,  Northern  anthracite,  Part  5. 
Sullivan  county,  Vol.  G2. 

Susquehanna  river  section  through  Wrightsville,  Vol.  C. 

Susquehanna  river  section,  map,  six  sheets,  Vol.  C3,  Atlas. 

Susquehanna  river  region,  six  counties,  G7. 

Susquehanna  section,  sub-carboniferous,  Vol.  G4. 

Susquehanna  county,  Vol.  G5. 

Swatara  mine  sheet,  AA  Atlas,  Southern  anthracite.  Part  2. 
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T. 

Tamaqua  basin,  mine  sheet,  AA  Atlas,  Southern  anthracite.  Part  2. 

Tamaqua  basin,  map,  AA  Atlas,  Southern  anthracite.  Part  5. 

Tamaqua  basin,  sections,  AA  Atlas,  Southern  anthracite.  Part  4. 

Tamaqua  basin,  cross  section,  AA  Atlas,  Southern  anthracite.  Part  5. 
Tangascootack  coal  basin,  Vol.  G4. 

Temperature  of  spring  water  in  Lancaster  county,  Vol.  C3. 

Terminal  moraine,  Vol.  Z. 

Terraces,  Monongahela  river,  Vol.  Z,  p.  x. 

Third  sand,  Venango,  map,  Vol.  1.3,  Atlas. 

Thomaston  colliery,  section,  AA  Atlas,  Southern  anthracite,  Part  4. 
Thomaston  colliery,  cross  section,  AA  Atlas,  Southern  anthracite.  Part  5. 

Tioga  county  and  map,  Vol.  G. 

Tioga  county;  see  Gaines,  Elkland  and  Tioga. 

Tioga  county;  Gaines  oil  field  in  Western  Pennsylvania.  (22nd  Ann.  Rep.;  Part 
3,  U.  S.  G.  S.) 

Tipton  run  coal,  Blair  county,  Ann.  Rep.,  1885. 

Toliickon  water  basin,  map.  Atlas  C7. 

Tomhickon  sheet,  Humboldt,  Mt.  Pleasant,  etc.,  maps,  sections,  AA  Atlas, 
Eastern  Middle,  Part  3. 

Tonnage,  anthracite,  1874-1882,  Vol.  AA. 

Topographical  survey  recommended,  Vol.  H6,  p.  vii. 

Topographical  survey,  Ann.  Rep.,  1885,  p.  xxxiii.  ^ 

Topographical  sheets.  Southern  anthracite  field,  AA  Atlas,  Southern  anthra- 
cite, Part  1. 

Topographical  sheets,  Reading-Durham  Hills,  D3,  Atlas. 

Tower  City,  mine  sheet,  AA  Atlas,  Southern  anthracite.  Part  3. 

Tracks,  fossil  in  Trias,  Ann.  Rep.,  1887. 

Transit  line  to  establish  altitudes,  notes,  Vol.  C. 

Tremont  mine  sheet,  AA  Atlas,  Southern  anthracite.  Part  3. 

Trevorton  sheet,  maps  and  section,  AA  Atlas,  Western  Middle,  Part  2. 
Triangulation,  geodetic  report,  Ann.  Rep.,  1885. 

Tuscarora  mine  sheet,  AA  Atlas,  Southern  anthracite.  Part  2, 


^ U. 

Union  county,  report  and  map,  Vol.  P3  and  Atlas. 

Upper  Barren  Measures,  columnar  section,  Vol.  1.3,  Atlas. 

Upper  Silurian  and  Devonian  measures  of  the  State  described.  Fin.  Sum.  Rep., 
Vol.  II. 

Upper  Lehigh  basin,  Luzerne  county,  mine  maps,  sections,  AA  Atlas,  Eastern 
Middle,  Part  2. 


V. 

Vegetable  origin  of  coal,  Ann.  Rep.,  1885. 

Venango  county  map,  Vol.  1.3,  Atlas. 

Venango  county,  oil  district  with  maps,  Vols.  I,  1.3. 

Venango  Third  sand,  map  and  section,  Vol.  1.3,  Atlas. 

Venango-Butler  oil  group  vertical  section,  1.5. 

Voorhees  colliery  cross  section,  AA  Atlas,  Southern  anthracite.  Part  6. 
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W. 

Wadesville  shaft  section,  AA  Atlas,  Southern  anthracite.  Part  4. 

Wadesville  colliery  cross  section,  AA  Atlas,  Southern  anthracite.  Part  5. 
Walker  bore  holes,  columnar  sections,  AA  Atlas,  Northern  anthracite.  Part  5. 
Wanamie  cross  sections,  AA  Atlas,  Northern  anthracite.  Part  5. 

Warrantee  maps.  Elk,  Forest,  parts  of  Clarion  and  Jefferson,  R2,  Atlas. 
Warren  county  with  map,  Vol.  1.4. 

Warren  county,  oil  region  and  wells,  Vol.  1.3,  1.4. 

Warren,  geology  of  vicinity,  Vol.  I. 

Warrior  run,  mine  sheets  and  sections,  AA  Atlas,  Northern  anthracite.  Part  1. 
Warrior  run,  cross  section,  AA  Atlas,  Northern  anthracite.  Part  5. 

Washington  county,  report  and  map,  Vol.  K. 

Washington  county;  see  Brownsvllle-Connellsville,  Amity,  Claysville,  and  Bur- 
gettstown. 

Washington  county,  oil  and  gas  fields,  Burgettstown  and  Claysville  quad- 
rangles. (Bull.  318,  U.  S.  G.  S.) 

Washington  and  Greene  bituminous  district  and  maps,  Vol.  K.,  Ann.  Rep.,  1886. 
Washing  hematite  ores,  Vol.  D. 

Waynesburg  folio  (Geol.  Atlas  U.  S.,  folio  No.  121,  U.  S.  G.  S.) 

Water  basins  summit  in  Northwestern  Pennsylvania,  map,  Vol.  1.3,  Atlas. 
Water  course,  ancient,  near  Franklin,  Pa.,  map,  Vol.  1.3,  Atlas. 

Water  Department  of  Philadelphia,  survey  and  maps,  Vol.  C7,  Atlas. 

Water  gaps,  D3,  Part  1. 

Wayne  county,  report  and  map,  Vol.  G5. 

Waynesburg  coal  bed,  depths  beneath  surface,  maps,  Vol.  K. 

Weatherly,  slieet.  Carbon  county,  AA  Atlas,  Eastern  Middle,  Part  2. 
Wellersburg  basin,  coals  and  fire  clays,  Ann.  Rep.,  1885. 

Wellsburg  section  revised,  H2,  H3,  Atlas. 

Welsh  company  tunnel  sections,  AA  Atlas,  Southern  anthracite.  Part  4. 

West  Virginia  carboniferous  formation,  Vol.  P2. 

West  West  basin,  mine  sheet,  AA  Atlas,  Southern  anthracite.  Part  2. 
Westwood  colliery,  mine  sheet,  AA  Atlas,  Southern  anthracite.  Part  2. 
Westwood  colliery,  columnar  sections,  AA  Atlas,  Southern  anthracite.  Part 
4b. 

West  Buck  mountain  colliery,  maps,  sections,  AA  Atlas,  Eastern  Middle,  Part 
3. 

West  Delaware  colliery  cross  section,  AA  Atlas,  Southern  anhtracite.  Part  5. 
Western  Middle  coal  field,  Mahanoy  and  Shenandoah  basins,  maps  and  sec- 
tions, AA  Atlas,  Western  Middle,  Parts  1,  2,  3. 

Western  New  York,  comparative  geology,  Vol.  I. 

Westmoreland  county,  west  of  Chestnut  ridge,  map,  Vol.  K2. 

Westmoreland  county,  Ligonier  valley,  map,  Vol.  K3. 

Westmoreland  county;  see  Brownsville-Connelllsville,  and  Latrobe. 
Westmoreland  county,  mining  methods,  Ann.  Rep.,  1886,  Part  1. 

White  Bridge  colliery,  columnar  sections,  AA  Atlas,.  Northern  anthracite.  Part 

5. 

Whitfield’s  slope  cross  section,  AA  Atlas,  Southern  anthracite.  Part  5. 
Wilkes-Barre,  latitude  and  longitude,  Vol.  AA. 

Wilkes-Barre  mine  sheets  and  sections,  AA  Atlas,  Northern  anthracite.  Part  1. 
Williamstown  colliery  sheet,  AA  Atlas,  Southern  anthracite.  Part  3. 
Williamstown  colliery,  sections,  AA  Atlas,  Southern  anthracite.  Parts  4,  4b, 

6. 
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Windy  Harbor-Bear  Ridge  cross  section,  AA  Atias,  Southern  anthracite,  Part 
5. 

Winton  coliiery,  columnar  section,  AA  Atlas,  Southern  anthracite.  Part  5. 
Wisconisco,  West  End,  mine  sheet,  AA  Atlas,  Southern  anthracite.  Part  3. 
Wolf  creek  colliery  section,  AA  Atlas,  Southern  anthracite,  Part  4. 

Woods  colliery  section,  AA  Atlas,  Southern  anthracite.  Part  4. 

Wrightsville  section  along  the  Susquehanna,  Vol.  C. 

Wyoming  county,  Vol.  G7. 

Wyoming  basin,  western  end  mine  sheets  1 and  2,  Ann.  Rep.,  1886,  Part  3, 
Atlas. 

Wyoming  colliery  cross  section,  AA  Atlas,  Northern  anthracite.  Part  5. 
Wyoming  valley.  Quarternary  geology,  Ann.  Rep.,  1885. 

Wyoming  valley,  limestone  beds  and  fossils,  Ann.  Rep.,  1885. 

Wyoming  buried  valleys,  Ann.  Rep.,  1885. 


T. 
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